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Removal of vegetation and subsequent erosion in karst regions such as 
central Kentucky or southeastern Alaska often leads to increased sedimentation in 
karst features such as caves and dolines. This sedimentation can impact the 
ground water by altering flow paths and the bio-geochemistry of the karst aquifer 
itself. Various methodologies have been used to obtain quantitative erosion and 
sedimentation rates for surface areas in karst and non-karst settings, but few 
quantitative studies have taken place in caves. The purpose of this study is to 
examine the effects of timber harvesting and development upon the caves and 
karst of southeastern Alaska by determining the recent (post 1954) sediment 
accumulation rates. Cesium 137 from open-air nuclear testing was is used to 
determine the age of the sediments in caves, surface karst features and 
undisturbed areas. Sediments generated from surface land disturbances and 
deposited in caves and karst features since 1954 may have positive cesium 
activities, whereas sediments deposited in caves and karst features before 1954 
117 
(the beginning of ~ Cs deposition in the environment) will have little or no 
cesium activity. The method was successfully tested in the main river passage of 
vi 
Big Bertha Cave in south-central Kentucky before fieldwork commenced in 
Alaska. 
Samples collected from sediment berms in the study areas were analyzed 
for 137Cs on the EG and G High Purity Germanium detector at the Western 
Kentucky University Applied Physics Institute for a period of 12 hours. Results 
from each site were obtained in terms of peak area (net counts) and then 
converted into international units (Bq/Kg). Vertical profiles of cesium activity 
were constructed for each site and a minimum sediment accumulation rate (in cm 
per year) calculated. This sedimentation rate represents a minimum rate of 
sediment accumulation since it does not take into account the removal and re 
deposition of sediment during flood events. 
The Alaskan caves and karst areas selected for this study are all within or 
downstream from areas of significant development and /or timber harvesting, and 
cesium 137 is present at all locations. Recent sedimentation rates in the sampled 
caves and karst of southeastern Alaska range from approximately 1.5 cm/year to 
over 6 cm/year, and it appears that recent timber harvesting has had a significant 
effect upon sedimentation in these areas. 
vii 
CHAPTER 1 
INTRODUCTION AND PURPOSE 
Introduction 
In karst regions such as central Kentucky and southeastern Alaska, removal of 
vegetation and subsequent erosion often leads to increased sedimentation in karst features 
such as swallets, vertical shafts, and caves. This sedimentation can then impact ground 
water by altering natural flow paths and altering the biogeochemical properties of the 
groundwater itself, which in turn can have a major effect on the cave and surface biota, 
including humans (Lichon, 1993; Aley etal., 1993; Huntoon 1992; Crawford etal., 
1988). On the islands of southeastern Alaska, the rivers emerging from springs are often 
important spawning areas for the various salmon species that are harvested by the fishing 
industry. That industry could thus be adversely affected by the increased sediment loads 
in the springs. Anecdotal evidence that the timber harvest and associated road 
construction is having an adverse effect on the karst areas of southeastern Alaska is 
abundant; however few quantitative studies have been conducted on the effects of timber 
harvest and other erosive practices in these karst areas. 
Purpose of Study 
Cesium 137 (137Cs), which was deposited as a result of atmospheric nuclear 
testing from the 1950's through the 1980's, has been used as a tracer in studies of surface 
environments around the world, especially the northern hemisphere- including karst 
(Turnage et ah, 1997; Hardwick and Gunn, 1996; Soileau etal, 1990). However, there 
has been limited effort (e.g., Hardwick and Gunn (1996)) to use cesium 137 to trace 
surface soil movement into caves. In the current study the presence or absence of 
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cesium 137 is used as an indicator of recent sedimentation in sites in south central 
Kentucky and southeastern Alaska. The purpose of this work is to determine minimum 
sedimentation rates and to understand the behavior of cesium 137 in the different types of 
sediments and moisture regimes in the two study areas, and in southeastern Alaska to use 
this information to better understand the relationship between karst sedimentation rates 
and logging. 
Cesium 137 is not natural to soil; its presence in the soils is due to the 
atmospheric testing of high-yield nuclear weapons in the period from 1954 to the 1960's 
(Ritchie and McHerny, 1990; Turnage et ah, 1997; Montgomery et ah, 1997; Soileau, 
1990; Ashley and Moritz, 1979; Martz and DeJong, 1987). Cesium 137 is essentially 
nonmobile in clays and only slightly more mobile in organics and silts (Ritchie and 
McHenry, 1990). Thus, the primary way that cesium 137 can be transported from some 
source area to a deposition area, such as a sinkhole or a cave, is for the soil profile at the 
source area to be eroded by water and then redeposited. Since this element was released 
into the atmosphere and fell out into the surface soils where it adhered to the surfaces of 
small particles such as clays, it is not likely that significant amounts of it will be found in 
caves unless the sediments in the caves are recently deposited exogenic sediments 
(Turnage et ah, 1997; Hardwick and Gunn 1996; Montgomery et ah, 1997; Soileau et ah, 
1990, Ritchie and McHenry 1990). To the extent that the upper layers of sediment in the 
study caves in Kentucky and Alaska contain significant amounts of cesium it is likely that 
they were deposited in the respective caves after 1954. For caves within which the 
thickness of cesium 137-contaminated soils can be measured, a minimum sedimentation 
rate can calculated by dividing the thickness of the section containing significant cesium 
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activity by the length of time in years since cesium 137 began to be deposited in the 
surface soils (Ashley and Moritz 1979). 
The purpose of this research is to further the application of the cesium 137 tracing 
method to caves and other karst features in Kentucky and Alaska to learn about 
sedimentation rates there, and in particular to explore the method's applicability to 
questions concerning relationships between forest land use including timber harvest, and 
impacts on karst hydrology. 
CHAPTER 2 
DESCRIPTION OF STUDY AREAS 
Kentucky Study Area 
There are two general study locations for this research: a test site in south central 
Kentucky and a series of sites on Prince of Wales Island in southeastern Alaska. The test 
site is situated approximately 200 m inside the entrance to Big Bertha Cave, which is part 
of the Lost River Cave System beneath Bowling Green, Kentucky, a city of 
approximately 50,000 people (USBC, 2000). Agriculture including large-scale 
agriculture, is a main feature of the local economy as are various manufacturing 
industries. Bowling Green and much of Warren County are situated on the extensive 
sinkhole plain of the Pennyroyal Plateau within the Interior Low Plateaus Province 
(Crawford et al., 1989; NRCS, 1981). Northern portions of Warren County extend to and 
beyond the Dripping Springs Escarpment, which forms the boundary between the 
sandstone-capped Mammoth Cave Plateau and the Pennyroyal Plateau sinkhole plains. 
Geologically, Warren County consists of a series of sedimentary units that have a 
shallow dip to the northwest. The key units in terms of karst development are in 
ascending order the Mississippian-aged St. Louis, Ste. Genevieve and Girkin Limestones 
(Figure 1). The Big Clifty Sandstone above forms much of the caprock of the Mammoth 
Cave Plateau. Continuing higher, smaller units such as the Haney Limestone, 
Hardinsburg Sandstone, and the Glen Dean Limestone are found atop the DSE and those 
are generally overlain by the Pennsylvanian Caseyville Sandstones and Conglomerates of 
the Western Kentucky Coalfield. These sequences have been gently tilted to the 
northwest because they form the western flank of the Cincinnati Arch, a broad shallow 
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anticline that stretches from central Tennessee to southern Ohio in a northeasterly trend 
(Palmer, 1981). This anticline is one of many broad shallow geological structures in the 
central United States and is probably brought about by the tectonics that formed the 
Appalachian Mountains (Palmer, 1981). This shallow dip influences the drainage of 
water through the karst aquifer, which drains locally into Jennings Creek at the Lost 
River Rise, and from there into the Barren River at the northern end of the Lost River 
groundwater drainage basin. The historic entrance to Lost River Cave is found at the 
northwest end of a large linear collapse valley where the Lost River sinks into the cave 
and emerges at a large spring (the Lost River Rise) after flowing through cave passages 
beneath the City. Big The Bertha entrance (Figure 2) is located in a large sinkhole a short 
distance north and west of the historic entrance and is formed along a northwest flowing 
tributary that joins the main Lost River Trunk a short distance down stream from the 
study site. 
Because the cave is situated in an urban area, it receives abundant runoff 
including contaminated water and sediments and served for many years as a local 
dumping place for shopping charts stolen from a nearby mall. Thick sediment banks 
along a major underground river draining about 77 km (Crawford etal., 1989) of largely 
agricultural land make this a suitable location to test the viability of using cesium 137 as 
an indicator of recent (post 1954) sedimentation in a cave. Soils surrounding the Big 
Bertha and Historic entrances to the Lost River Cave System consist of Pembroke -
Crider and Freonia - Urbana complexes with an area of Caneyville Rock Outcrop 
complex in the linear valley adjacent to the Historic Entrance (Crawford et ah, 1989; 
NRCS, 1981). The surfaces of these soils are typically composed of a brown - reddish 
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Figure 1. General stratigraphy of Study Area 1 South Central Kentucky 
(Palmer, 1981). 
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brown silt loam approximately 10 - 15 cm thick. Subsoils are silty clays and silty clay 
loams that extend to depths ranging from 69 cm for the Caneyville Rock Outcrop 
Complex to 200 cm for the Pembroke - Crider Complex (NRCS, 1981). 
The subtropical climate of central Kentucky is marked by warm humid summers and 
mild wet winters; the main causes of precipitation are the various storm systems entering 
Kentucky from the west and north, however a significant amount of precipitation falls as 
a result of summer thunderstorms generated by convection of warm moist air. 
Occasionally, Warren County will receive precipitation from the remains of a tropical 
storm that has made landfall such as Hurricane Camille in 1969. The average summer 
temperature is 24° C; the average winter temperature is 2.8° C; and the average annual 
precipitation of 119.4 cm is evenly divided between the spring -summer (April-
September) and fall-winter (October - March). Average snowfall is 27.9 cm (NRCS, 
1981). 
Alaska Study Area 
The second and primary study area for this research consists of seven sites on 
northwest Prince of Wales (POW) Island in southeastern Alaska's Tongass National 
Forest (Figure 3). The population here is sparse consisting of small communities and 
isolated logging and fishing settlements (Heaton et al, 1996; Carlson, 1996). The island 
is densely forested with sitka spruce, western hemlock, and western red cedar; the area 
receives abundant precipitation (about 400 - 500 cm per year in most locations). Higher 
locations (above 1,000 m in altitude) are often glaciated. 
The caves and karst on Prince of Wales Island are found on narrow areas of Silurian and 
Devonian limestones that were originally formed from reefs surrounding ancient volcanic 
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island arcs that would become the present day Alexander Terrane (figure 4), a Paleozoic 
sequence of sedimentary clastic carbonate and volcanic rocks which makes up much of 
southeastern Alaska (Baichtal etal., 1997; Baichatal and Swanston, 1996; Gehrels and 
Berg, 1994; Aley etal., 1993; Soja, 1990). The sequence consists of the Ordovician 
Descon Formation, a sequence of volcanics and clastics with minor carbonates 
approximately 1000 m thick; the Silurian Heceta Formation, a sequence of pure 
limestones with minor shales approximately 1000 m thick; and the Upper Silurian -
Devonian Karheen Formation, a sequence of volcanics and clastics approximately 1000 
m thick. Due partially to the dense forest and the lack of economic interest in the area 
(other than the gold deposits located to the north and east) the area has not been the 
subject of detailed geological mapping. However, general geological maps have been 
prepared that show the distribution of generalized sequences, terranes, and major 
structural trends. 
Rocks of the Alexander Terraine were eventually buried under thousands of 
meters of sediment and lava flows and simultaneously intruded by magmas which 
brought about changes in texture and density (Aley et al, 1993; Brew et al, 1992). In 
many locations, such as inside El Capitan Cave, the Heceta Limestone is metamorphosed 
into banded marbles in which the original bedding planes have disappeared; structures 
such as thrust faults and sheared overturned folds, which were likely brought about by the 
subsequent collisions between the Alexander Terraine and the North American Craton 
and/or other terranes, are found in many other locations (Brew etal, 1992; Aley et al, 
1993; Baichtal et al, 1997). The Alexander Terrane, like other terranes in southeastern 
Figure 3. Map of Southeastern Alaska including Prince of Wales 
Island (Baichtal and Swanston, 1996). 
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Alaska, was fractured at all scales as a result of the series of collisions with the North 
American Craton and other terranes beginning in the middle of the Cretaceous Period and 
continuing to the present time. The primary fault trends are northwest - southeast and the 
secondary fault trend is north -south (Aley et al, 1993; Baichtal et al, 1997; Brew et al, 
1992; Gehrels and Berg, 1994; Gehrels and Berg, 1992). The more prominent fault 
structures form the large salt water channels which comprise Alaska's Inside Passage. 
Within this geologic context are karst areas formed from carbonates that reach 98 percent 
CaCC>3 in some cases, and various complex structural features that have resulted in a 
great abundance and variety of surface and subsurface karst features (Baichtal et al, 
1997; Baichtal and Swanston, 1996; Aley etal, 1993). 
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Figure 4. Genera! tectonic map of Southeastern Alaska Study Area showing 
terranes and structure (Baichtal etal, 1997). 
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In addition to tectonic activity, southeastern Alaska has experienced considerable 
glaciation during the Pleistocene—most if not all of Prince of Wales Island was covered 
by glaciers through the early Wisconsin age and these glaciations often buried caves and 
karst under glacial sediments. Peat lands were formed as a result of significant amounts 
of glacial clays being deposited in the many depressions. Fossils and artifacts found in 
many caves in northwestern POW Island and the outboard islands include black and 
brown bear, sitka white tail dear, marmot and man; the age ranges form 40,000 years old 
to approximately 10,000 years old. Examples include a 40,000 year old marmot tooth 
found in Mud Room Cave (one of the study sites for the present study) and the 10,000 
year old human bones found in On Your Knees Cave in northern POW island (Heaton et 
al, 1999; Heaton 1996; Carlson 1996). These fossils indicate that the late Wisconsin 
Glaciation, unlike its predecessors, did not cover all of southeastern Alaska but instead 
left the western coastal areas of Prince of Wales, Baranoff, and Admirality Islands 
uncovered and mostly did not cover the outboard islands such as Kosciusco Island. Thus 
the western coasts of islands such as POW and Baranoff and the outboard islands such as 
Kosciusco Island and Heceta Island formed a late Wisconsin Ice Age refuge for animals 
and plants allowing humans and larger animals to migrate from northeastern sections of 
Eurasia to North and South America by means of a coastal migration route rather than 
just the inland migration routes. 
As a result of the advances and subsequent retreat of glaciers, sea levels rose and 
fell. After the late Wisconsin Stadial, sea levels rose at an average rate of approximately 
7 meters per 100 years to levels that were up to 120 meters higher than the present sea 
level; as a result glacial marine sediments and glacial erratics are found at elevations 
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ranging from 7 to 120 meters above sea level in most areas (Baichtal, et al., 1997). Large 
icebergs would also discharge sediment as they melted leaving lines of boulders, 
sometimes referred to as boulder trains along ancient shore lines. Eventually relative sea 
levels lowered as a result of isostatic rebound and the present coniferous forest began to 
develop. It is this landscape ecosystem that provides valuable timber and wildlife 
resources for the population of southeastern Alaska. 
The mild, wet climate and steep slopes have produced thin soils and organic mats 
from which the main canopy and secondary canopies of the forest rise. In the primary 
field area for this part of the research, the main soils surrounding the Beaver Falls 
Starlight and Mud Room Cave are Uola Sarkar Complex soils. These well drained soils 
are predominant on limestone areas in Prince of Wales Island. The general profile 
consists of 1) organic material (O horizon) to approximately 10 cm in thickness; 2) a 
small E horizon of silt loam about 2 cm thick, dark gray to brown in color; 3) B horizons 
which consist of dark brown/red/gray silt loams with granular structure and small 
amounts of gravel; 4) and in some locations a yellow brown loam with large amounts of 
gravel or 5) a dark brown gravely silt loam (USFS, 1994a and 1994b). Other soil series 
include the McGilvery Peat, the Karta Silt Loam, and Tolstoi Sandy Loam; these soils are 
acidic with typical pH values ranging from 3.5 in the top of the McGilvery Peat to 6.0 in 
the bottom of the Karta Silt Loam. With the exception of the McGilvery Peat these soil 
profiles generally consist of organic layers and peat at the top and silt or sandy loam 
throughout the subsoil with gravel content increasing at the bottom (USFS, 1994). 
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Timber Harvesting in the Tongass National Forest: 
Timber is a most important resource for the local economy and the karst of the 
Tongass National Forest, which is also home to the favorite spawning streams for 
salmon, a major food item of southeastern Alaska and another primary part of the local 
economy. Large scale timber harvesting began in the late 1940's and early 1950's as a 
result of a series of government initiatives to build a thriving economy and to provide for 
national security interests. Two large wood pulp manufacturers were given government 
contracts to log the Tongass National Forest for the production of pulp (Shoaf, 1999). 
Timber was harvested using modern efficient clear cut methods; modern settlements and 
logging camps were constructed to house the workers; and roads were constructed to 
transport workers and equipment to sites. The results of this activity include the large 
number of clear cuts seen through out the Tongass and increased surface runoff. Caves 
and karst features within and downstream from logging tracts began to fill up with silt, 
logging and construction refuse and debris causing some higher level passages to flood 
during high water events (Baichtal and Swanston 1996; Aley et al, 1993). With the 
increase in runoff entering the caves, there can follow an increase in suspended and 
dissolved sediment load which can play a role in altering water chemistry parameters 
such as dissolved oxygen content (Aley etal., 1993; Lichon, 1993). 
A total of seven sites on POW Island were chosen for sediment sampling and 
testing for' C; and of these sites three are caves, one is a collapse sink, two are 
undisturbed areas, and the last one is in clear cut. Mud Room Cave (Figure 5) is located 
in the vicinity of El Capitan Peak; this cave is considered an insurgence for the nearby 
Roaring Road Cave (LaPierre, 1994). Starlight Cave is found near Cavern Lake and 
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Beaver Falls Cave (Figure 6). The adjacent collapse sink and the first undisturbed area 
are located near the northwest coast of POW Island. 
The second undisturbed area and the clear cut are located on the slopes of Twin 
Mountain, south of the first two study sites and near the center of Prince of Wales Island. 
Additionally, the karst on Twin Mountain is formed in Devonian Carbonates possibly 
within the Descon Formation rather than in the Silurian Heceta Limestone. This karst 
area is home to Scallop Cave from which water emerges at a spectacular series of springs 
and waterfalls near Staney Creek Road. Additionally Zina Cave, a spectacular multi-drop 
cave, is also found on Twin Mountain; its entrance is near the boundary between 
undisturbed forest and clear cut. 
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Figure 5. Mud Room Cave (LaPerrier, 1996). 
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Figure 6. Beaver Falls Sinkhole and Cave showing study sites (Allred et 
al, 1995). 
CHAPTER 3 
LITERATURE REVIEW 
Land Disturbance and Karst 
Removal of native vegetation can result in increased erosion of soil cover and 
increased runoff, particularly in a forested slope environment such as those of Prince of 
Wales Island, Vancouver Island, and Tasmania. Aley etal. (1993) and Baichtal (1993, 
1994) described locations such as Thrush Cave on Prince of Wales Island where drainage 
from logging roads and the associated refuse is channeled through drainage ditches into 
the main entrance of the cave causing contamination of cave streams and siltation of cave 
passages. Baichtal (1993, 1994) also reported that cave passages that were previously dry 
are now flooding as a result of the recent increase in cave sedimentation, which is 
possibly being amplified about by timber harvest and the associated road and quarry 
construction. Investigating a similar setting, Lichon (1993) described two locations in 
Tasmania, Mole Creek and Ida Bay, where sediments have been washed into local cave 
systems from sites of road and quarry construction causing harm to cave flora and fauna. 
This sediment can alter geochemical properties of the cave streams by changing the 
dissolved oxygen, nitrate, and phosphate content thus bringing about a potential for 
eutrophication in the springs. 
Additionally, in many karst regions water supplies once used by humans are now 
unfit for human consumption due to increased nutrient loading and contamination from 
products such as diesel fuels and oil. In China, the removal of the forest in the south 
China karst region has brought about an increase in the severity of the flood - drought 
cycle because caves and shallow karst aquifers are often filled with sediment diverting 
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storm water to the surface; these same aquifers drain rapidly during the dry season 
exacerbating the already severe droughts in the region (Huntoon, 1991, 1992, 1995). 
Harding and Ford (1993) reported that regeneration of the cleared forest after 
clear cutting on in the karst areas of Vancouver Island is much more difficult in the karst 
areas, particularly in areas of steep slopes, than it is in non-karst areas because of the 
nature of the internal drainage of karst terrain. This end result is especially true for areas 
where post harvest burning is utilized to clear off remaining vegetation. In addition to the 
problems encountered in regenerating forest cover, Harding and Ford (1993) also find 
that an increase in sediment-laden runoff going into the karst aquifer leads to diversion of 
floodwater to the surface and more floods and landslides in areas of Vancouver Island. 
Intensive agricultural operations, particularly those that do not incorporate 
conservation practices, can also release valuable top soil into karst ground water. This 
soil can divert water flow and increase flooding of higher level cave passages and surface 
areas, especially sinkholes. Crawford et al (1988) reported that the average yearly soil 
loss in the drainage basin of Kentucky's Lost River Cave (LRDB) is 13.38 metric tons 
per hectare per year, and in agricultural areas of the LRDB the average soil loss is 22.42 
metric tons per hectare per year which is twice the allowable limit for soil loss 
established by the USDA - Natural Resource Conservation Service. These eroded soils 
along with other contaminants such as diesel fuel and gasoline from surface spills and 
leaking underground storage tanks enter into the Lost River Cave system and contaminate 
the aquifer making it unusable for human consumption and unhealthy for cave biota. 
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Use of Cesium 137 in Landscape Studies 
Atmospheric cesium 137 has been used in a number of soil erosion and 
sedimentation studies around the world and in a variety of settings including both karst 
and non-karst areas. Cesium 137 is not natural to soils; its presence in the soil profiles is 
brought about by fallout from high yield atmospheric nuclear testing that was carried out 
between 1954 and the early 1960s. Most studies recognize 1954 as the onset of 
significant cesium 137 fallout producing concentrations that can be measured in soils 
(Ritchie and McHenry, 1990; Brawn et al., 1984; Ashley and Moritz, 1979; Martz and 
DeJong, 1986; Lobb, 1991; Turnage et al., 1997; Montgomery et al, 1997; Soileau et al, 
1990; Hardwick and Gunn, 1996). 
In studies involving small watersheds in karst and non-karst areas, cesium 137 
was used often in conjunction with other methods such as the Revised Universal Soil 
Loss Equation (RUSLE) to determine net rates of sediment transport in units of mass per 
area per time. These sedimentation rates have been compared with long-term 
sedimentation rates generated by the RUSLE and pollen count methods to determine the 
extent to which local sediment transport rates have changed in recent times due to the use 
of various modern agricultural practices in the respective settings, and to study sediment 
transport rates in karst watersheds including within sinkholes (Turnage et al, 1997; 
Montgomery et al, 1997, Brown et al, 1984a, 1984b; and Soileau et al., 1990. All of 
these studies used a proportional method similar to Martz and DeJong (1987) to generate 
the spatial sedimentation rates in terms of mass per unit area per unit time. Lobb (1991) 
used a similar method to measure and compare soil erosion rates generated by different 
agricultural practices; however, in this case cesium 137 was injected in the form of a 
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cesium chloride solution, and the soils tagged with the solution were traced from test 
plots to depositional areas in a manner similar to dye tracing. The solution is injected 
into test plots on various types of hill slopes that are subjected to agricultural practices; 
then soil samples are then collected in the test plots and nearby deposition areas to 
determine how much sediment is transported and where it is transported by measuring the 
net increase or decrease in cesium concentrations of the sediments at the various sample 
sites 
Cesium 137 was used by Hardwick and Gunn (1996) to date recent sediments in 
P-8 Cave near Castleton, Derbyshire, England, as part of a study of hill slope processes 
which considered soil types, geomorphologic structures, and the characteristics of erosion 
and sedimentation resulting from the agricultural processes in use. Sediment traps were 
used to obtain samples of new sediments entering the cave environment over the period 
of one year; these sediments tested positive for the presence of cesium 137. It was 
determined that exogenic sediments are entering the cave as a result of recent soil 
disturbances. An overall erosion rate of 0.76 m3/km2/year was determined for the entire 
catchment. 
Ashley and Moritz (1979) used cesium 137 to obtain sedimentation rates in a tide-
influenced lake in western British Columbia to examine consequences of recreational 
uses such as boating in and near a delta. Sedimentation rates were determined for each 
sample core location using cesium-137 and visual methods. The sedimentation rate was 
obtained for each sample location by dividing the thickness of the cesium enriched 
portion of each given sediment column (in cm) by the amount of time since cesium 137 
deposition began (years since 1954). The values range from 0.3 cm / year to 1.8 cm/year 
in the area of highest sedimentation. The method of Ashley and Moritz (1979) is similar 
to that being used in the present study in that the overall minimum rate of recent 
sedimentation is obtained by dividing the total thickness of the cesium enriched portion 
of each sediment column by the time since cesium deposition began. Additionally, each 
cesium profile is examined for the effects that in-cave processes have on sedimentation 
patterns. 
CHAPTER 4 
RESEARCH METHODOLOGY 
Theory and Assumptions 
Cesium 137 is not natural to atmosphere or surface material of Earth; it was 
placed into the atmosphere in the late 1950's and early 1960's as a result of the 
atmospheric high yield nuclear bomb tests and began to precipitate onto the surface of the 
Earth in the early 1950's. By 1954, cesium 137 content in the soils of the northern 
hemisphere was significant enough to be recognized as a known reference horizon for 
most locations in North America although some studies use 1950 as the year that cesium 
began to show up in the local sediments (Montgomery et al, 1997; Turnage et al, 1997; 
Soileau et al, 1990; Brown etal., 1984a, 1984b; Ritchie and McHenry, 1990; Martz and 
DeJong, 1986). This method involves multiplying the relative proportions of cesium 
activity in spatial units by bulk density and soil profile height and dividing by time 
according to the following equation: 
R = [(Cs(bg) - Cs(sample))/Cs(bg) ] * pbh/t (1) 
where R is the rate of net soil transport or net soil loss (tons per hectare per year), Cs(bg) 
is the average cesium in the background site (bg) (Bq/square km), Cs(s) is the average Cs 
137 activity in the sampling site (Bq/square km or pC / square m), pb is the sample bulk 
density (Mg/cubic meter), h is the height of the soil column (cm), and t is the time in 
years since fallout reached measurable concentrations (1954). 
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In these studies, samples were collected from an undisturbed site and from a 
series of sampling sites along transects-for example from the top of a hill slope to the 
bottom of a sinkhole or stream valley. The average cesium activity at each sampling site 
is compared with the average cesium activity in the undisturbed site and a spatial 
sediment transport rate (net deposition) rate was obtained. The use of cesium 137 in 
spatial studies of soil erosion is based on the following assumptions: 
1) since cesium 137 is tightly fixed by adsorption onto the surfaces of 
smaller particles of soils and sediments, its absence is indicative of 
recent erosion (post 1954) at the given site while its abundance 
indicates recent deposition at a given site; 
2) the deposition of cesium 137 is uniform over the entire Northern 
Hemisphere and does not vary with such factors as topography and 
precipitation; 
3) No net sorting of cesium-enriched sediments has occurred since the 
deposition of cesium 137 into the soil profile (ie. Net translocation of 
sand, silt and clay particles is insignificant), and this means that 
movement of cesium-enriched sediment within the profile can only 
come about as a result of soil disturbance; and 
4) loss of cesium 137 from a soil profile by evapotranspiration is 
insignificant. 
Cesium 137 emits a high peak at an energy level of 662 KeV which in most cases 
is readily identified in most cases, thus laboratory preparation of samples is not difficult. 
Thus the cesium 137 tracer methods of soil transport analyses are ideal for most sediment 
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transport studies with the exception of those involving marine and estuarine 
environments (Ritchie and McHenry, 1990). 
In the present study, vertical sections of sediment were collected from surface and 
cave locations and analyzed for cesium concentration. The general characteristics of 
sediments, such as the existence of laminations, texture, color, bulk density are recorded, 
and the rates of sediment accumulation were determined in a manner similar to that used 
by Ashley and Moritz (1979). Initial results from these data were restricted to point 
measurements of sediment accumulation since 1954, rather than area measurement of 
sediment erosion or deposition rates. 
In cave passages, more than one mechanism may be responsible for 
sedimentation. For example, sediments can be generated as a byproduct of chemical 
reactions between the cave walls and water flowing within the cave streams (these are 
referred to as endogenic sediments), while surface sediments (exogenic) can be 
transported into a cave by surface streams entering a cave. Surface sediments can also be 
transported into the cave from the surface through small pores and joints in the cave roof 
(White, 1988; White et ah, 1995; Ford and Cullingford, 1976; Springer et ah, 1997). In 
these situations, net sorting of sediments may be a factor in sediment deposition and 
distribution of recent sediment within an in cave profile, in potential contrast to 
assumption 3, so the proportional method may not be useful in studying recent 
sedimentation in caves. 
Field Methods 
Big Bertha Cave, Kentucky 
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An initial test column of sediments from Big Bertha Cave was excavated using 
hand tools and a scale to determine depth. Initial sediment samples were excavated at 10 
cm intervals; a second trench was excavated and samples were collected at 5 cm depth 
increments in order to better determine the location of the 1954 time line in the sediment 
profile. In addition to sample collection, the characteristics of the sediments such as the 
presence or absence of layering, the texture and structure were recorded in field books. 
Samples were excavated parallel to the layers at the depth increment, and each sample 
was placed into a plastic bag, labeled with information concerning the sample position in 
the sediment column and placed into a second plastic bag. As the trench was being 
excavated, the top half cm layer was scraped off with a knife or a trawl in order to 
minimize cross-contamination. The thickness of layers in the wall of the sediment berm 
was measured visually with the scale. 
Prince of Wales Island, Alaska 
The methods of collection were the same within the Alaska site except that in the 
large collapse sinkhole at the entrance to the Beaver Falls Cave System an Oak Field 
Implements soil probe and a soil auger were used to determine the depth of the sediment 
berms in the sinkhole. Otherwise, the sediment samples were collected by excavating a 
trench and collecting samples from five cm depth increments. Characteristics such as 
layering, soil texture, presence of artifacts, wood fragments and fossils were recorded in a 
notebook. Larger fossils were carefully wrapped in aluminum foil and double bagged 
with labels containing information on the position in the sediment profile. Samples were 
also double bagged in plastic bags and given labels with information concerning position 
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within the sediment column and characteristics such as texture, color, presence of fossils 
and rock fragments. General descriptions of sediments and geology of the study areas are 
given in the text. 
Laboratory Methods 
Samples were transported to a laboratory at the Western Kentucky University 
Hoffman Environmental Research Institute where they were prepared for analysis. The 
initial Kentucky samples were air dried for 72 hours, after which all succeeding samples 
from both sites were oven dried for 24 hours. A portion of each sample was used for 
bulk density and ambient moisture determination. A selection of samples from both 
study areas were analyzed for total moisture content however. 
Sieving was done on samples that contained significant amounts of large rock 
fragments (>2mm) but was not done on those samples that contained few or no large rock 
fragments. 
The measurement period for samples on the detector was twenty-four hours for 
the initial early test samples and then cut to twelve hours for the second group of 
Kentucky samples. All Alaska samples remained on the detector for 12 hours. An AEA 
Technologies standard Merinelli reference source was obtained in the fall of 2000 for 
geometric calibration of the EG and G Ortec HPG detector (Figure 7); after that time, the 
Kentucky samples were reanalyzed with the newly calibrated detector followed by the 
samples from Alaska. Cesium peaks were identified with software from Aptec and Oak 
Ridge National Laboratory (DAM and SAM). The data were placed into an MS Excel 
spreadsheet and corrected for detector efficiency and sample efficiency using Gammatool 
version 2.1 (AEA Technologies, 1999). 
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The area of the cesium peak was then converted standard units in terms of counts 
per unit mass or Bq/kg. The equation (Lobb, 1991) used for the conversion is 
C = Anc/t, *(EC Es Mss )'1 1000 g/Kg, (2) 
where C is the cesium activity in mass units (Bq/Kg), A„c is the area of the cesium peak 
(net counts), ti is the live time or the time that the sample was analyzed for cesium 137 
(seconds), Ec is the counting effeciency of the detection equipment, Es is the efficiency of 
the sample or the ratio of gamma particles passing through the sample to gamma particles 
absorbed in the sample, and Mss is the mass of the sample being analyzed (after sieving 
and drying). Graphical plots of cesium concentration (arbitrary units) versus depth (cm) 
were constructed for all sample locations. The minimum rate of sediment accumulation 
in each sample location (except the undisturbed areas) was calculated using 
R-h/t, (3) 
where R is the rate of accumulation (cm / year); h is the vertical thickness of the portion 
of the sediment column which contains measurable cesium 137 (cm); and t is the time 
since measurable deposition of cesium 137 in the atmosphere began (years). This rate of 
accumulation is compared with the thickness of sediment layers (if any exist) in each 
sample location. 
In this study, cesium 137 concentrations are reported in units of Bq/Kg and lower 
limits are used in graphical representations (profiles). Lower limits are simply the 
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E G and G High Purity Germanium Detector 
E Control Box. 
Figure 7. High purity germanium detector. 
difference between the mean cesium activity and the standard curve fitting error 
generated by the curve fitting software. If a sample has low cesium 137 activity and a 
large standard error relative to the mean peak (i.e., so that the difference is negative or 
close to zero), then that sample is considered to be negative for cesium 137 content. Thus 
this method is used to root out false positives. 
CHAPTER 5 
RESULTS AND DISCUSSION 
Big Bertha Cave, Kentucky 
The soil column from within Big Bertha Cave was obtained from a large berm 
along a major underground stream and consists of silty clays and silty clay loams with 
minor amounts of organic debris. Sediments show clear layering with a typical 
thickness of 0.1- 0.3 cm, with an occasional 0.5 - 1.0 cm thick layer. The average 
thickness of layers is approximately 0.35 cm. Additionally, quartz grains are found on 
the surface of the berm and throughout the sediment column; thus it is likely that the 
sediments are exogenic and appear to have been transported into and through the cave 
from the surface during storm events. 
Cesium 137 was found in measurable concentrations in the top 20 cm of the 
sediment column for the first samples, (Figure 8) with the second group of samples 
showing a thinner Cesium 137 section of only 15 cm. Thus the sedimentation rate 
calculated for the Big Bertha Cave sediments ranges from 0.21 to 0.32 cm per year 
and thus is similar to the average thickness of the layers in the sediment berm. 
Prince of Wales Island, Alaska 
Mud Room Cave 
Mud Room Cave is a small cave located near El Capitan Mountain and is in 
the vicinity of several other caves including Roaring Road Cave, Slate Cave and 
Devil's Canopy Cave. The cave is significant because it is a possible insurgence for 
nearby Roaring Road Cave and it also contains significant Pleistocene fossils 
a 
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Figure 8. Cesium activity profile from Big Bertha Cave, Kentucky. 
Table 1. Cesium 137 activity in Big Bertha Cave, Kentucky. 
sample id mean depth (cm) Cs activity 
(Bq/kg) 
error activity (adj) 
(bq/kg) 
0-5 cm 2.5 6.229 0.231 5.998 
5-10 cm 7.5 5.283 0.189 5.094 
10-15 cm 12.5 1.629 0.210 1.419 
15-20 cm 17.5 0 0 0 
20-25 cm 22.5 0 0 0 
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(LaPerriere, 1996). Three streams enter the cave—two enter from the upstream area 
and one enters through the main entrance. Samples were collected from three 
locations (Figure 9): 1) a berm of dark-colored organic rich sediments 50 cm in 
height at the downstream section of the cave; 2) along the cave wall (about 10 cm 
thick) near the main entrance and; 3) an upstream berm composed of small dark 
colored layers of organic rich silt loam overlying lighter colored sediments (silt loam 
and gravel). The thickness of the sediment berm at Site 3 is approximately 50 cm. 
The floor of the cave is covered with organic rich silt loam, gravel and logging slash 
throughout the cave. 
Profile of Sediments in Mud Room Cave 
w 
Limestone 
' / o off 
hne organic nch silt loam-many 
roots and plant debris 
Light brown silt loam with dark 
colored layers of organic rich 
sediments. 
Colluviurn and 
breakdown. 
Figure 9. Profile of Mud Room Cave showing sampling 
locations (after LaPierre, 1996). 
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Cesium 137 (Figures 10 and 11, Tables 2 and 3) is present in Site 1 and Site 3; 
the highest concentrations are in the upper 15 cm at Site 1 and it is also found at Site 
3 to a depth of 15 cm. Additionally, cesium 137 was found in the 20 - 25 cm depth 
range at Site 1. No measurable cesium 137 was found in the sample from Site 2. The 
sediment accumulation rate at site 3 is 0.27 cm/year and at Site 1 the sediment 
accumulation rate appears to be 0.27 cm/year or higher. The existence of layers in 
the berm at Site 3 indicates the possibility that sediments may have been deposited 
then removed and re-deposited as a result of multiple flooding events in the cave. 
Thus it is possible that some recent sediments have mixed in with the older sediments 
at the site. Layering is indistinct at Site 1 and sediments are intermixed with larger 
Mud Room Cave Site 1 
Cesiun Activity (Bq/Kg) 
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Figure 10. Cesium activity profile of Site 1 in Mud Room Cave. 
gravel and breakdown near the bottom of the berm. Much of the upper section of the 
berm is composed of recent sediments as indicated by the presence of cesium in the 
profile and the presence of wood fragments throughout the profile. It appears that the 
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Table 2 Cesium 137 Activity in Site 1 in Mud Room Cave 
sample id mean depth 
(cm) 
Cs activity 
(Bq/kg) 
error activity (adj) 
(bq/kg) 
MRC1 0-5 2.5 45.9595 0.7153 45.2442 
MRC1 5-10 7.5 28.7995 0.4339 28.3655 
MRC1 10-15 12.5 10.8135 0.2943 10.5192 
MRC1 15-20 17.5 0 0 0 
MRC1 20-25 22.5 0.0507 0.2786 0 
MRC1 25-30 27.5 0.3218 .2260 0.0958 
MRC1 30-35 32.5 0 0 0 
MRC1 35-40 37.5 0 0 0 
MRC1 40-45 42.5 0 0 0 
MRC1 45-50 47.5 0 0 0 
predominant sources of sediment input into Mud Room Cave are the sediment-laden 
streams that enter from the surface then deposit sediment into the cave as they 
continue to flow through the karst aquifer and out a resurgence. 
M u d R o o m Cave S i t * 3 
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Figure 11. Cesium 137 Activity in Mud Room Cave Site 3 (Upper 
Berm). 
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Table 3. Activity of cesium 137 at Site 3 in Mud Room Cave. 
sample id mean depth 
(cm) 
Cs activity 
(Bq/kg) 
error activity (adj) 
(bq/kg) 
MRC3 0-5 2.5 4.5947 0.2238 4.3709 
MRC3 0-5 2.5 4.2973 0.2836 4.0137 
MRC3 5-10 7.5 1.1827 0.2658 0.9168 
MRC3 10-15 12.5 0.7048 0.2554 0.4494 
Beaver Falls Area 
Beaver Falls is located near the north west coast of POW Island across the El 
Capitan Passage from Kosciusco Island. The first sampling site is located in an area 
of Old Growth Forest 10 meters west of the large collapse sinkhole (Site 2) which 
collects storm runoff from nearby forest and clear cut areas and carries it into the 
karst aquifer. The third site is along the large berm of sediments called Mudslide 
Hall in the rear of Beaver Falls Cave. The sediment profile of Site 1 consists of 
approximately 25 - 30 cm of dark brown organic rich silt loam with some gravel and 
organic debris (tree roots and leaves) overlying a gravely loam approximately 15 cm 
thick. This profile is typical of the Uloa Silt Loam which is often found on limestone 
slopes in southeastern Alaska (USFS, 1994). Cesium 137 (Figure 12 and Table 4) has 
been found in large activities to a depth of approximately 40 cm, and this profile is 
continuous (i.e., there appear to be no breaks within the profile where cesium activity 
is missing). 
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Old Growth near Beaver Falls 
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Figure 12. Cesium activity profile of Beaver Falls Area Site 1, the 
undisturbed site near Beaver Falls Cave. 
Table 4 Cesium 137 activity of Beaver Falls Site 1 
sample id mean depth 
(cm) 
Cs activity 
(Bq/kg) 
error activity (adj) 
(bq/kg) 
Old Growth 10 31.7351 0.6452 31.0898 
Old Growth 15-20 17.5 22.3380 0.7394 21.5986 
Old Growth 20-25 22.5 16.7315 0.5776 16.1539 
Old Growth 25-30 27.5 12.0860 0.3236 11.7624 
Old Growth 30-35 32.5 7.9908 0.2824 7.6984 
Old Growth 35-40 37.5 5.4777 0.2421 5.2356 
Old Growth 40-45 42.5 2.3444 0.2023 2.1421 
Sediments at Site 2 consist of organic rich silt loams with woody debris and 
gray cobbles throughout and are over 3 meters deep. In the lower portions of the 
berm the water content is high and red mottles are predominant. Cesium 137 has 
been found in measurable concentrations throughout this column of sediments (Figure 
13 and table 5); thus it is likely that this column of sediment has accumulated in the 
sinkhole since 1954. However the concentrations are high at the top, show some 
variability throughout much of the profile, and are small at the bottom. The sinkhole 
is flooded regularly and subsidence structures are often found within the sediment 
berm. Layering is indistinguishable in these sediments and it 
appears that the sedimentation rate is 6.0 cm per year or liigher in the sink and that 
sediments are mixed as a result of flooding and subsidence. 
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Figure 13. Cesium activity profile of sediments in Beaver Falls Sinkhole. 
Note discontinuous profile. 
Table 5. Cesium activity in Beaver Falls Sinkhole. 
sample id mean depth 
(cm) 
Cs activity 
(Bq/kg) 
Error activity (adj) 
(bq/kg) 
BFS 0-5 2.5 65.8447 0.9438 64.9009 
BFS 5-10 7.5 65.8447 0.9438 64.9009 
BFS 10-15 12.5 211.547 1.7201 209.6346 
BFS 15-20 17.5 21.2034 0.3150 20.8884 
BFS 20-25 22.5 0.4389 0.1563 0.2853 
BFS 35-40 37.5 0.0477 0.1574 0 
BFS 40-45 42.5 0.2054 0.2259 0 
BFS 45-50 47.5 -0.0230 0.1769 0 
BFS 55-60 57.5 0.5663 0.1597 0.4066 
BFS 60-76 68 0.6662 0.1875 0.4787 
BFS 76-93 84.5 0 0 0 
BFS 93-109 101 3.5424 0.1871 3.3553 
BFS 126-142 134 0.7405 0.1672 0.5733 
BFS 159-175 167 0.4826 0.1283 0.3543 
BFS 175-192 183.5 0 0 0 
BFS 192-208 200 1.0466 0.1313 0.9154 
BFS 208-225 216.5 1.6698 0.1626 1.5072 
BFS 282 0.4283 0.1265 0.3018 
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The third site in the Beaver Falls area is Mudslide Hall (Figure 14) in Beaver 
Falls Cave adjacent to an area of mud stalagmites and small constriction in the upper 
part of the sediment berm. It was not possible to access a lower section of the 
sediment berm because traversing this section would require the use of technical 
climbing equipment. The sediments in site three are arranged in alternating light 
gray and dark brown layers: sandy silt loam inter-layered with organic rich dark 
brown silt loam. Little if any gravel is present and the layers range in thickness from 
1 to 3 cm. This type of profile is indicative of frequent flood events where sediment 
laden water backs up into the cave passage and re-deposits sediment as it recedes. 
Beaver Falls Cave Site 3. 
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Figure 14. Diagram of sediment bedding in Beaver Falls Cave (Mud Slide 
Hall), Beaver Falls Area Site 3. 
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Cesium 137 is found throughout most of the top 70 cm of the berm in small 
concentrations (Figure 15 and Table 6); however the minimum sedimentation rate, 
calculated by dividing the thickness of cesium 137 enriched sediment by the time 
since fallout deposition and subsequent re-deposition into caves began (1954), is 
approximately 1.47 to 1.5 cm per year in Beaver Falls Cave. There is a moderately 
large peak at the top 0 - 5 cm layer followed by an area of no cesium in the 5-10 cm 
and 15-20 cm depth range and relatively small cesium counts at 37.5 cm (.46 
Bq/Kg) and 62.5 cm (.39 Bq/Kg). Cesium 137 is present in minor amounts (generally 
Beaver Falls Cave 
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Figure 15. Cesium activity profile of Beaver Falls Cave, Mudslide Hall. Note 
discontinuous profile. 
less than 0.3 Bq/Kg) from approximately 20 cm to 70 cm in depth and is absent from 
the profile below 70 cm. The sedimentation rate appears to be similar to the thickness 
of the layers thus suggesting multiple deposition erosion and re-deposition events in 
the cave, additionally the low to moderate amounts of cesium 137 in the cave seem to 
be indicative of intermixing of exogenic sediments deposited from the lower portion 
of the soil profile through the cave roof and endogenic sediments generated from the 
weathering reactions inside the cave itself and the deposition from of endogenic 
sediment from cave flooding events. 
Table 6. Cesium activities in Beaver Falls Cave, Mudslide Hall. 
sample id mean depth 
(cm) 
Cs activity 
(Bq/kg) 
Error activity (adj) 
(bq/kg) 
BFC 0-5 2.5 0.6711 0.0966 0.5745 
BFC 5-10 7.5 0 0.1603 0 
BFC 10-15 12.5 0.2335 0.1278 0.1057 
BFC 15-20 17.5 0 0 0 
BFC 20-25 22.5 0.1093 0.1062 0.0031 
BFC 25-30 27.5 0.1231 0.1068 0.0163 
BFC 30-35 32.5 0.2289 0.1183 0.1106 
BFC 35-40 37.5 0.4622 0.1370 0.3252 
BFC 40-45 42.5 0.1341 0.1111 0.0231 
BFC 45-50 47.5 0.3695 0.1493 0.2202 
BFC 50-55 52.5 0.2632 0.1069 0.1564 
BFC 55-60 57.5 0.3520 0.1200 0.2320 
BFC 60-65 62.5 0.3778 0.1058 0.2721 
BFC 65-70 67.5 0.1617 0.1194 0.0423 
BFC 70-75 72.5 0 0 0 
BFC 75-80 77.5 0 0 0 
Starlight Cave 
The entrances to Starlight Cave are located in the midst of an area of second 
growth forest near Cavern Lake and Sinkhole Lake. At 123 m it is the highest of the 
cave locations selected for this study. A perennial ice mass is found in the beginning 
of the north passage from the main entrance (Elliot, 1994), and veins of calcite and 
other minerals are found throughout the cave. Near the north end of the cave passage 
is the Starlight Room where the ceiling is broken by two small skylights (entrances) 
through which sediment from the surrounding second growth forest and clear cuts 
enters into the northern portions of the cave near the sampling site. The cave passage 
decreases in size and appears to go into a terminal sump. The sediment column 
(Figure 16) consists of dark brown sandy silt loam rich in organics (mainly wood 
fragments) and small gravel and areas of courser grained sediments (gravely sandy 
clay loam): the gravel and sand content increases toward the bottom of the soil 
column at about 100 cm. 
In Starlight Cave (Figure 17, Table 7) cesium 137 activity is high in the 0 - 5 
cm layer (38 Bq/Kg) but drops off to small concentrations (0.7 Bq/Kg or less) in 
deeper layers of the berm: negatives are found at 20 - 25 cm, 3 0 - 4 0 cm, 55-60 cm, 
and 70-75 cm. Cesium 137 is absent from the profile below 85 cm. Sediments below 
the 0-5 cm layer are coarse (consisting of sand and gravel rather than fine silt and 
clays), and may be a reason that large activities of cesium are not seen in these 
sediments. The recent sedimentation rate is approximately 1.8 cm per year and like 
Beaver Falls Cave, zones with no cesium 137 are found between zones where cesium 
is present. It appears that cesium enriched layers are being mixed with sediments 
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Figure 16. Profile view of the north section of Starlight Cave, with 
sampling locations. 
which contain no cesium such as sediments generated from in cave chemical 
processes or sediments that have entered the cave through pores and cracks in the roof 
(and have had cesium 137 removed). Sedimentation in Starlight Cave, like that in 
Beaver Falls Cave, occurs as a result of multiple processes; sediments enter through 
the small entrances in the Starlight Room and through small cracks in the cave roof 
and these sediments may mix with endogenic sediments produced by the various 
weathering processes in the cave. Thus the activities of cesium 137 in Starlight Cave 
below the 0 -5 cm layer appear to be small and some samples in portions of the 
profile are negative in cesium 137 activity. Since Starlight cave is situated in a 
(former) clear cut, it is probable that the high cesium enriched portion (especially in 
the top layer) was deposited as a result of erosion from post timber harvest storms 
which flooded the cave with cesium 137 enriched sediment. Additionally the gravel 
rich layers appear to be similar to the bottom of the Uloa Silt Loam. The cave 
passage where the berm is found has the geometry of a small tube, which ends in a 
siphon. 
S t a r l i g h t C a v e 
C • a l u m 137 A c t i v i t y ( B q / K g ) 
7 5 
1 2 . 5 
1 7 . 5 
2 2 5 
27 5 
3 2 . 5 
3 7 . 5 
4 2 . 5 
4 7 5 
5 2 . 5 
5 7 . 5 
0 2 . 5 
67 5 
7 2 5 
77 5 
82 5 
87 5 
9 2 . 5 
8 7 . 5 
Figure 17. Cesium 137 activity profile of Starlight Cave. 
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Table 7. Cesium 137 activities in Starlight Cave. 
sample id mean depth 
(cm) 
Cs activity 
(Bq/kg) 
Error activity (adj) 
(bq/kg) 
Starlight 0-5 2.5 38.9336 0.5881 38.3455 
Starlight 5-10 7.5 0.7762 0.2172 0.5590 
Starlight 10-15 12.5 0.3913 0.3116 0.0805 
Starlight 15-20 17.5 0.6650 0.3211 0.3439 
Starlight 20-25 22.5 0.3354 0.5691 0 
Starlight 25-30 27.5 0.3767 0.3198 0.0569 
Starlight 30-35 32.5 -0.2282 0.2967 0 
Starlight 35-40 37.5 -0.2080 0.2863 0 
Starlight 40-45 42.5 0.7266 0.2978 0.4288 
Starlight 45-50 47.5 0.6712 0.3246 0.3467 
Starlight 50-55 52.5 0.4803 0.2357 0 
Starlight 55-60 57.5 -0.1977 0.1999 0 
Starlight 60-65 62.5 0.3483 0.1783 0.1700 
Starlight 65-70 67.5 0.0048 0.1513 0 
Starlight 70-75 72.5 -0.1444 0.1183 0 
Starlight 75-80 77.5 0.0346 0.1309 0 
Starlight 80-85 82.5 0.2500 0.1180 0.1320 
Starlight 85-90 87.5 -0.2956 0.1550 0 
Starlight 90-95 92.5 -0.1545 0.1405 0 
Starlight 95-100 97.5 0 0 0 
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Twin Mountain Karst 
Twin Mountain is near Road 2050 and the west coast of Prince of Wales 
Island. These sites consist of undisturbed forest with a thick organic mat and clear 
cut areas within a karst drainage basin that covers much of the north slope of Twin 
Mountain (Figure 18). Many of the sinkholes and caves act as insurgences—the 
waters that sink here emerge in a spectacular series of karst springs and waterfalls at 
the lower slopes of the mountain. At over 300 meters in altitude this area is the 
highest study area sampled. No samples were collected in the caves. However, 
samples were collected from a clear cut and from the undisturbed forest (organic 
mat). These areas were not analyzed for cesium 137; however samples were 
collected to examine the differences between soil profiles in the undisturbed area and 
those in the harvested area. 
Figure 18. Twin Mountain Sampling Sites (DeLorme Mapping, 1999). 
The top of the clear cut site consists of decayed organic mat to approximately 
5 cm then a layer of dark brown organic rich silt loam approximately 10 cm thick 
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overlying a deposit of tan gravely sandy clay approximately 20 cm thick. The 
undisturbed site consists of a thick organic mat that is present down to 26 cm; due to 
time constraints, the soil profile was not sampled. This profile appears similar to 
those of the Uloa - Sarkar series of soils except that it appears to be richer in clay 
content at the bottom of the profile. 
Discussion 
The Big Bertha entrance to the Lost River Cave System is in an urban area 
where much construction and development has taken place. Additionally, agricultural 
practices may have also contributed to the deposition of large berm of exogenic 
sediments in Bertha. 
In the Alaska caves and sinkholes, relatively large berms of silt, sand, and 
gravel appear to have been deposited in recent times (since 1954). In Starlight Cave 
and Beaver Falls Cave, sediments in the berm consist of silts and coarser sediments 
with fine silt and organic debris intermixed. In Beaver Falls Cave the sediments are 
deposited in layers of sand and silt while in the Starlight Cave sediments are coarse 
(gravel and sand) at the bottom layers, mostly silt loam rich in organics (wood 
fragments) and a fine, organic-rich silt loam at the top. The cesium profiles for these 
caves seem to show a medium to large count at the topmost layer followed by layers 
in which the cesium activity is low or negative then followed by layers in which 
cesium 137 activity is present in small amounts before it finally completely dies out. 
These profiles and the nature of the sediments are indicative of multiple processes 
acting in the cave environment also and that each of the different processes has an 
important role in the deposition and erosion of sediments in caves. Exogenic 
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sediments can enter a cave two ways: 1) through pores and joints in the limestones 
and 2) by streams entering into one or more entrances of the cave and thus can 
intermingle with endogenic (in-cave generated) sediments during in cave flooding 
events which can bring about in cave erosion and re-deposition cycles. In Starlight 
and Beaver Falls Cave it appears that neither of the processes is dominant, and that 
sedimentation is followed by erosion and/ or re-deposition (re-sedimentation) in 
which sediments deposited in the berms or the cave are eroded by flood events. 
These flood events may come from the lower levels of the cave as they become 
completely full of water causing flooding in the overflow routes (usually the higher 
level passages) of the cave; thus sediments that have been deposited in the berms are 
removed then re-deposited with other sediments including those that are generated 
from in cave processes. 
Mud Room Cave and Big Bertha Cave appear to be an exceptions because the 
cesium profiles seem to indicate that sedimentation and erosion of the berms are 
dominated by the streams flowing into the cave from the surface. These profiles 
indicate a continuous decline in cesium activity from the top of the profile to the 
depth at which the cesium-137 is no longer present. In Bertha there are no positives 
below the 15 cm depth, and in Mud Room Cave (Site 1) there is only 1 small positive 
indication of cesium in the depth range from 15-45 cm, indicating that 
sedimentation is dominated by streams entering the cave and that erosion and 
deposition of sediments takes place as a result of flooding events. The three Alaskan 
caves and Beaver Falls Sinkhole are in the midst of or in close proximity to and 
downstream from clear cuts that were harvested in the 1960's and 1970's; thus it is 
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possible that the recent sedimentation in all three sites and the large cesium profiles in 
the old growth near Beaver Falls, Mud Room Cave and in the Beaver Falls Sinkhole 
are due to influxes of surface material coming from the clear cuts and being deposited 
in the respective study sites. Additionally, the presence of logging slash and woody 
debris found in the sinkhole and the caves seem to indicate that much of the recently 
sediment deposition is related to hydrologic alteration associated with timber 
harvesting. 
The in-cave site at Beaver Falls contains a layered profile that alternates 
between dark silt loam and lighter sandy silt loam; thus it is possible that sediment is 
being deposited by multiple flooding and erosion events. Water levels increase in the 
cave and erosion occurs then sediment is deposited as the water levels decrease. An 
additional contributor of sediment to the cave environments is the various chemical 
reactions between cave walls and the sediment-laden water, which produces 
endogenic sediment (Ford, 1976). Exogenic sediment can also enter the cave 
environment through small pores in the cave roof; some of this sediment may come 
from the bottom of the soil profiles, which may not have significant deposits of 
cesium 137. 
The sediments from Twin Mountain clear cut have not been evaluated for 
cesium at this time; however, it is likely that the profile from the clear cut will show a 
diminished cesium profile. A diminished cesium profile from the surface site 
indicates that much of the top layers of the soil profile have been removed and 
redeposited at some other location (Ritchie and McHenry, 1990; Turnage et al., 1997; 
Montgomery et al, 1997; Soileau eta]., 1990; Brown eta}., 1981b; Ashley and 
Moritz, 1979). Although this location is not adjacent to the other locations, a general 
picture of a clear cut profile can still be useful for comparisons with old growth and 
depositional areas (sinks and caves). Additionally, samples from the old growth areas 
will be useful in obtaining a general picture of the profile of an undisturbed area for 
comparison with depositional areas clear cut and other undisturbed sites. 
The vertical sections of sediment in these caves are generally the same types 
of sequences that are generated by meandering surface streams. The sediments near 
the bottom of the columns in Bertha, Mud Room and Starlight are course sands and or 
gravel and in Beaver Falls the cave the sediments are mainly sand and silt. The 
bottom of the sediment berm in Beaver Falls Cave was not sampled; however, the 
sequence at the top portion of the berm consists of layered sands and silts with some 
wood fragments and other small organic debris which is typical of the upper portion 
of a point bar - channel fill deposit in which sand and silt are deposited in layers 
(Boggs, 1997; White, 1988). 
The morphologies of Starlight Cave and Mud Room Cave appear to be those 
of simple single angulate branch-like pattern produced by water entering the 
limestone at discrete points (e.g., sinkholes or solution cavities) that gradually moves 
down-gradient following the local structural pattern and dissolving out portions of 
the limestone until the major passage is formed and the hydraulic gradient is reduced 
(White, 1988; Palmer, 1991; Ritter et al., 1995). However, Bertha Cave, Beaver Falls 
Cave and to some extent Starlight Cave appear to be more complex in that 
anastomotic maze patterns are present in some of the cave passages. These mazes 
may have been superimposed on predominantly branch-like cave passages as a result 
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of the local jointing patterns or as a result of a change in hydraulic gradient (Palmer, 
1991). It appears that water flowing into the caves during and after storm events 
floods the lower levels then fills up the higher levels and overflow passages causing 
brief periods of erosion of the surfaces of the berms followed by re-deposition of 
sediments. As re-deposition is taking place, new sediments brought in from the 
surface during the storm events are mixed in with the older sediments and thus may 
be responsible for the patterns of cesium enrichment in these caves where the top 
layer of sediments has a high cesium activity and cesium 137 is present only in minor 
amounts throughout the profile with some layers showing an absence of cesium 137 
activity. 
The pattern from Beaver Falls sink shows the highest cesium 137 activities of 
all the disturbed locations; however, the pattern of cesium distribution is similar to 
that of Beaver Falls Cave and Starlight Cave in that cesium activity drops off 
dramatically from highs in the top layers to small but still significant counts at 
moderate depths (and an occasional zero) then increases near the bottom of the berm. 
The sinkhole is open to input from all sides but the main stream input is through the 
waterfall at the southeastern wall, and the sinkhole is drained at the southern and 
southwestern walls into an underlying cave passage (Allred et al, 1995). The Beaver 
Falls Sinkhole appears to have been formed from the collapse of its cave roof and the 
subsequent infilling and subsidence of sediments. Ritter et al. (1995), White et al. 
(1995) and White (1988) described the sequence of events involved in the formation 
of collapse sinkholes: 1) a solution cavity is formed along some locality of weakness 
in the carbonate rock and it is continually widened by dissolution of the walls while 
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sediments from the lower portion of the regolith are removed or spalled off creating a 
regolith arch; 2) as the solution cavity (or collapsed cave room) is widened by 
dissolution and sediments are continually removed from the regolith arch by spalling, 
the regolith arch collapses or subsides and soil is removed from the cavity by soil 
piping. It appears that sediments in Beaver Falls Sinkhole are generated from 
multiple erosion - deposition pulses and that once they are deposited in the sinkhole 
the sediments are then brought by soil piping into lower levels of Beaver Falls Cave 
where they may be mixed with other sediments (endogenic and exogenic) before 
being deposited in the cave berms. Also it is possible that these sediments are then 
eroded out be subsequent flooding events and once again mixed with other sediments 
as they are re-deposited in the cave. It is possible that most of the sediments are 
eventually transported out of the caves and into the surface streams or ocean channels 
such as El Capitan Passage. It is these passages and the fresh water streams flowing 
into them from the karst regions that are the prime habitats and spawning grounds for 
the various salmon and other fish species. 
Due to the enclosed nature of caves, cave streams cannot build extensive flood 
plains the way that some surface streams do, but they carry their sediment loads until 
they reemerge and deposit sediments. However, some of the sediments can remain 
within the cave and may be continually eroded and redeposited during flood events. 
These sediments have the potential to block side passages and may even divert stream 
flow to upper passages which are normally dry (Aley et al, 1993; Baichtal, 1993; 
Baichtal, 1994; Lichon, 1993). In some caves such as Mud Room Cave, the entire 
floor of the cave is covered with sediments that appear to be recent in a similar 
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manner to the flood plain and channel fill deposits that are typical of a small 
meandering stream. The sequence of sediments consists of course colluvium or 
breakdown deposits with a matrix of sands and silts abruptly changing to dark organic 
rich silt loams that may contain tree limbs and other organic debris. 
CHAPTER 6 
CONCLUSIONS 
Cesium Activities in Cave Sediments 
The caves and sinkholes in Alaska and the test site in Big Bertha Cave, 
Kentucky, are all within and or downstream from areas where significant land 
disturbance from timber harvesting or agriculturally induced soil erosion has taken 
place in recent times as is reflected by the presence of cesium 137 in the sediments of 
these caves. Of these Mud Room Cave (sites 1 and 3) and Bertha show clear cesium 
137 profiles in which the top 15 cm of the berm show large cesium-137 activities and 
negatives below the 15 cm depth. It appears that the recent sedimentation processes 
were dominantly stream controlled and are heavily influenced by recent (post 1954) 
land disturbances such as timber harvest, farming, and development. 
The southeastern Alaska caves studied in this project all have significant 
amounts of cesium distributed throughout the berms and high sedimentation rates (1.5 
to over 6 cm / year); and it appears that the timber harvesting has had a significant 
effect on the sedimentation rates in these caves. However, the profiles from Starlight 
and Beaver Falls Cave indicate that berm sediments potentially come from at least 
three possible processes including erosion from timber harvested areas, diffusion of 
sediments through the cave roof (which may also be in part affected by timber 
harvest) and as byproducts of endogenic (in cave) reactions. 
Recent Sedimentation Rates and Historic Sedimentation Data 
In Bertha cesium 137 is present in the upper 15 cm of the trench thus the 
minimum post 1954 sedimentation rate ranges from .21 - .32 cm per year. In Bertha 
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it was possible to locate sediment layers near the bottom of the trench where no 
cesium is present thus a relative indication of historic sedimentation. Lower layers 
(below the cesium enriched layers) in the Alaska caves tended to be of slightly 
different texture than the cesium enriched layers; they also contain significant fossils. 
It is thus possible to obtain a general indication of historic sedimentation patterns and 
rate by using carbon dates and pollen. 
Suggested Research 
Additional sedimentation studies can be carried out in southeastern Alaska 
using the cesium 137 and/or other methods to gain a more complete understanding of 
recent and historic sedimentation rates in caves and karst. Additionally, spatial 
patterns of sedimentation in karst regions can be measured using cesium 137 or other 
methods to obtain erosion / deposition rates for entire drainage basins; and 
comparisons can be made for old growth, second growth and fresh clear cut drainage 
basins in terms of the amount of soil loss in a given year. Also in the same studies, 
interception rates (the rate at which storm runoff is intercepted by existing vegetation) 
for old growth, second growth and clear cuts can be compared. Additional studies on 
interception rates and sedimentation rates should be carried out in areas in which 
small clear cuts and alternative timber harvesting practices such as select cutting are 
used in place of the conventional clear cut methods. Alternate methods of timber 
harvest may hold the key to providing balanced land uses on many sensitive areas 
such as the karst areas of the Tongass National Forest in that smaller amounts of 
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timber could be harvested without causing drastic increases in soil erosion in the 
forested areas of the Tongass karst. 
Since sedimentation rates are potentially high in the karst areas of 
southeastern Alaska (areas in proximal to clear cuts), the locations of springs and 
streams emerging from them should be determined by fluorescent dye tracing. Then 
key systems should be monitored for changes in biological and chemical parameters 
such as pH, dissolved oxygen, nitrate content and the presence of man made 
contaminants because these streams have a key role in the salmon harvest of 
southeastern Alaska. Alteration of the chemical and biological properties of these 
streams may affect the ability of salmon to spawn in these streams. Full inventories 
of the locations of caves and other karst features along with more studies of the 
effects of timber harvesting on karst in terms of sediment erosion and chemical 
processes are recommended in assessing the vulnerability of areas to erosion from 
timber harvest or other land disturbances. Maps can be made from these data 
showing the regions most vulnerable and the localities that have been most affected 
by land disturbance. These inventories and studiescan be used in land management 
decisions. 
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Appendix I Raw Data 
Samples from Bertha were analyzed on the High Purity Germanium Detector for 24 
hours initially then re- analyzed for 12 hours on the HPG when the standard geometric 
calibration source was attained from AEA technologies. This source is used for 
multidimensional calibration of the HPG for measurements of cesium 137 and other 
radionucleides. The cesium 137 Peak (662 KeV) in each of the Bertha samples was 
identified using the Aptec peak fitting software. In many of the samples from Alaska, the 
Cesium peaks were small and larger amounts of Bismuth 214 (605 KeV) were present 
thus making the identification of the Cesium 137 peak difficult. It was necessary to use 
the more finely tuned peak fitting programs developed by Oak Ridge National 
Laboratories (DAMM and SAMM); these curve fitting and identification programs have 
much higher resolution than the standard Aptec Program and the format for the data table 
is slightly different in that background counts and peak fitting error are listed, while the 
data from Bertha only shows peak area in net counts and standard deviation. Included 
with the raw data are the results from the peak fitting using DAMM and SAMM. 
Counting efficiency of the HPG detector is constant 0.02 and data acquisition time (or 
live time) is 43,200 seconds for all samples. 
6 3 
Cs-137 (661.7 keV) and Bi-214 (655.5 keV) Peak Fitting 
The Cs-137 peak is indicated by channel number -1279 
The Bi-214 peak is indicated by channel number -1286 
DAMM->fit 1 1250 1350 
FIT 1 12501350 alaska.spk 22-Mar-01 15:20:22 QFN= 1.01 
# X AREA %ERR FWHM ASL ASH 
1 1280.2 159 29.4 3.68 0.000 0.000 
2 1286.8 367 13.3 3.68 0.000 0.000 
DAMM->fit 2 1250 1350 
FIT 2 1250 1350 alaska.spk 22-Mar-01 15:20:31 QFN= 1.34 
# X AREA %ERR FWHM ASL ASH 
1 1278.8 260 21.8 3.68 0.000 0.000 
2 1285.7 417 14.0 3.68 0.000 0.000 
DAMM->fit 3 1250 1350 
FIT 3 1250 1350 alaska.spk 22-Mar-01 15:20:45 QFN= 0.99 
# X AREA %ERR FWHM ASL ASH 
1 1278.7 203 23.0 3.68 0.000 0.000 
2 1285.5 386 12.6 3.68 0.000 0.000 
DAMM->fit4 1250 1350 
FIT4 1250 1350 alaska.spk 22-Mar-01 15:20:55 QFN= 0.88 
# X AREA %ERR FWHM ASL ASH 
1 1279.4 212 20.7 3.68 0.000 0.000 
2 1286.3 449 10.3 3.68 0.000 0.000 
DAMM->fit 5 1250 1350 
FIT 5 1250 1350 alaska.spk 22-Mar-01 15:21:07 QFN= 1.16 
# X AREA %ERR FWHM ASL ASH 
1 1279.2 229 22.8 3.68 0.000 0.000 
2 1287.8 409 13.1 3.68 0.000 0.000 
DAMM->fit 8 1250 1350 
FIT 8 1250 1350 alaska.spk 22-Mar-01 15:21:24 QFN= 1.00 
# X AREA %ERR FWHM ASL ASH 
1 1278.3 98 45.4 3.68 0.000 0.000 
2 1285.9 450 10.8 3.68 0.000 0.000 
DAMM->fit 9 1250 1350 
FIT 9 1250 1350 alaska.spk 22-Mar-01 15:2*45 QFN= 1.03 
# X AREA %ERR FWHM ASL ASH 
1 1280.1 203 23.8 3.68 0.000 0.000 
2 1287.6 345 14.4 3.68 0.000 0.000 
DAMM->fit 10 1250 1350 
FIT 10 1250 1350 alaska.spk 22-Mar-01 15:22:49 QFN= 1.05 
# X AREA %ERR FWHM ASL ASH 
1 1279.6 213 22.2 3.68 Q.000 0.000 
2 1286.4 338 14.3 3.68 0.000 0.000 
DAMM->fit 11 125 1350 
SYNTAX ERROR, ILLEGAL COMMAND. OR ILLEGAL VALUE 
DAMM->fit 11 1250 1350 
FIT 11 1250 1350 alaska.spk 22-Mar-01 15:23:10 QFN= 1.17 
# X AREA %ERR FWHM ASL ASH 
1 1279.7 261 19.9 3.68 0.000 0.000 
64 
2 1287.0 373 14.3 3.68 0.000 0.000 
DAMM->fit 12 1250 1350 
FIT 12 12501350 alaska.spk 22-Mar-01 15:23:31 QFN= 0.99 
# X AREA %ERR FWHM ASL ASH 
1 1279.2 2008 3.2 3.68 0.000 0.000 
2 1286.8 372 13.1 3.68 0.000 0.000 
DAMM->fit 13 1250 1350 
FIT 13 1250 1350 alaska.spk 22-Mar-01 15:24:01 QFN= 0.89 
# X AREA %ERR FWHM ASL ASH 
1 1278.0 236 18.3 3.68 0.000 0.000 
2 1286.0 251 17.3 3.68 0.000 0.000 
DAMM->fit 14 1250 1350 
FIT 14 1250 1350 alaska.spk 22-Mar-01 15:24:15 QFN= 0.99 
# X AREA %ERR FWHM ASL ASH 
1 1278.5 158 29.6 3.68 0.000 0.000 
2 1285.5 508 9.9 3.68 0.000 0.000 
DAMM->fit 15 1250 1350 
FIT 15 1250 1350 alaska.spk 22-Mar-01 15:24:25 QFN= 0.95 
# X AREA %ERR FWHM ASL ASH 
1 1279.3 317 15.1 3.68 0.000 0.000 
2 1286.9 420 11.7 3.68 0.000 0.000 
DAMM->DAMM->fit 16 1250 1350 
FIT 16 12501350 alaska.spk 22-Mar-01 15:25:10 QFN= 1.06 
# X AREA %ERR FWHM ASL ASH 
1 1278.4 327 15.3 3.68 0.000 0.000 
2 1285.7 394 12.8 3.68 0.000 0.000 
DAMM->fit 17 1250 1350 
FIT 17 1250 1350 alaska.spk 22-Mar-01 15:25:17 QFN= 1.00 
# X AREA %ERR FWHM ASL ASH 
1 1278.6 208 22.6 3.68 0.000 0.000 
2 1285.7 500 10.2 3.68 0.000 0.000 
DAMM->fit 18 1250 1350 
FIT 18 1250 1350 alaska.spk 22-Mar-01 15:25:31 QFN= 0.76 
# X AREA %ERR FWHM ASL AS! 
1 1279.3 354 12.2 3.68 0.000 0.000 
2 1286.0 402 10.7 3.68 0.000 0.000 
DAMM->fit 19 1250 1350 
FIT 19 1250 1350 alaska.spk 22-Mar-01 15:25:44 QFN= 0.97 
# X AREA %ERR FWHM ASL ASH 
1 1278.8 318 14.5 3.68 0.000 0.000 
2 1286.9 318 14.4 3.68 0.000 0.000 
DAMM->fit 20 1250 1350 
FIT 20 1250 1350 alaska.spk 22-Mar-01 15:25:54 QFN= 1.21 
# X AREA %ERR FWHM ASL ASH 
1 1278.1 222 24.2 3.68 0.000 0.000 
2 1285.4 427 13.0 3.68 0.000 0.000 
DAMM->fit 21 1250 1350 
FIT 21 1250 1350 alaska.spk 22-Mar-01 15:26:04 QFN= 0.89 
# X AREA %ERR FWHM ASL ASH 
1 1279.7 -9 -443.0 3.68 0.000 0.000 
2 1286.2 374 12.4 3.68 0.000 0.000 
65 
DAMM->fit 22 1250 1350 
FIT 221250 1350 alaska.spk 22-Mar-01 15:26:28 QFN= 0.85 
# X AREA %ERR FWHM ASL ASH 
1 1278.9 144 29.8 3.68 0.000 0.000 
2 1286.4 399 11.4 3.68 0.000 0.000 
DAMM->fit 23 1250 1350 
FIT 23 12501350 alaska.spk 22-Mar-01 15:26:36 QFN= 1.10 
# X AREA %ERR FWHM ASL ASH 
1 1278.5 228 22.3 3.68 0.000 0.000 
2 1286.0 533 10.2 3.68 0.000 0.000 
DAMM->fit 24 1250 1350 
FIT 24 1250 1350 alaska.spk 22-Mar-01 15:28:10 QFN= 0.74 
# X AREA %ERR FWHM ASL ASH 
1 1278.3 152 26.6 3.68 0.000 0.000 
2 1285.9 391 10.9 3.68 0.000 0.000 
DAMM->fit 25 1250 1350 
FIT 25 12501350 alaska.spk 22-Mar-01 15:28:20 QFN= 0.86 
# X AREA %ERR FWHM ASL ASH 
1 1279.2 55 77.4 3.68 0.000 0.000 
2 1285.7 394 11.8 3.68 0.000 0.000 
DAMM-> fit 26 1250 1350 
'FIT 26 1250 1350 alaska.spk 22-Mar-01 15:28:27 QFN= 1.15 
# X AREA %ERR FWHM ASL ASH 
1 1279.0 1680 4.0 3.68 0.000 0.000 
2 1286.5 352 14.8 3.68 0.000 0.000 
DAMM->fit 27 1250 1350 
FIT 27 1250 1350 alaska.spk 22-Mar-01 15:28:34 QFN= 0.97 
# X AREA %ERR. FWHM ASL ASH 
1 1281.6 124 37.7 3.68 0.000 0.000 
2 1286.1 549 9.3 3.68 0.000 0.000 
DAMM->fit 2812501350 
FIT 28 1250 1350 alaska.spk . 22-Mar-01 15:28:41 QFN= 0.99 
# X AREA %ERR FWHM ASL ASH 
1 1278.7 325 14.9 3.68 0.000 0.000 . 
2 1286.3 400 12.3 3.68 0.000 0.000 I k 
DAMM->fit 29 1250 1350 
FIT 29 1250 1350 alaska.spk 22-Mar-01 15:28:49 QFN= 1.22 
# X AREA %ERR FWHM ASL ASH 
1 1278.6 337 16.0 3.68 0.000 0.000 
2 1286.0 456 12.1 3.68 0.000 0.000 
DAMM->fit 30 12501350 
FIT 30 1250 1350 alaska.spk 22-Mar-01 15:29:43 QFN= 1.35 
# X AREA %ERR FWHM ASL ASH 
1 1278.2 71 73.3 3.68 0.000 0.000 
2 1287.0 223 ' 24.1 3.68 0.000 0.000 
DAMM->fit 31 1250 1350 
FIT 31 1250 1350 alaska.spk 22-Mar-01 15:29:51 QFN= 0.87 
# X AREA %ERR FWHM ASL ASH 
1 1278.5 262 16.3 3.68 0.000 0.000 
2 1286.4 337 12.9 3.68 0.000 0.000 
DAMM->fit 32 1250 1350 
66 
FIT 32 1250 1350 alaska.spk 22-Mar-01 15:30:20 QFN= 1.11 
# X AREA %ERR FWHM ASL ASH 
1 1279.4 23 198.0 3.68 0.000 0.000 
2 1285.8 365 13.7 3.68 0.000 0.000 
DAMM->frt 33 1250 1350 
FIT 33 1250 1350 alaska.spk 22-Mar-01 15:30:28 QFN= 1.11 
# X AREA %ERR FWHM ASL ASH 
1 1276.5 125 37.9 3.68 0.000 0.000 
2 1285.7 295 16.7 3.68 0.000 0.000 
DAMM->frt 34 1250 1350 
FIT 34 1250 1 350 alaska.spk 22-Mar-01 15:30:38 QFN= 0.88 
# X AREA %ERR FWHM ASL ASH 
1 1278.0 160 26.3 3.68 0.000 0.000 
2 1286.7 322 13.5 3.68 0.000 0.000 
DAMM->ftt 35 1250 1350 
FIT 35 12501350 alaska.spk 22-Mar-01 15:30:48 QFN= 1.06 
# X AREA %ERR FWHM ASL ASH 
1 1277.7 215 22.6 3.68 0.000 0.000 
2 1285.9 461 11.1 3.68 0.000 0.000 
DAMM->fit 36 1250 1350 
FIT 36 1250 1350 alaska.spk 22-Mar-01 15:31:01 QFN= 115.91 
# X AREA %ERR FWHM ASL ASH 
1 1278.6 2160631 0.9 3.68 0.000 0.000 
2 1280.6 253697 5.3 3.68 0.000 0.000 
DAMM->fit 37 12501350 
FIT 37 12501350 alaska.spk 22-Mar-01 15:31:35 QFN= 0.71 
# X AREA %ERR FWHM ASL ASH 
1 '1278.6 294 13.9 '3.68 0.000 0.000 
2 1286.0 458 9.1 3.68 0.000 0.000 
DAMM->fit 38 1250 1350 
FIT 38 1250 1350 alaska.spk 22-Mar-01 15:31:49 QFN= 0.88 
# X AREA %ERR FWHM ASL ASH 
1 1279.1 505 9.6 3.68 0.000 0.000 
2 1286.4 544 9.0 3.68 0.000 0.000 
DAMM->fit 39 1250 1350 
FIT 39 12501350 alaska.spk 22-Mar-01 15:31:59 QFN= 1.17 
# X AREA %ERR FWHM ASL ASH 
1 1280.1 360 14.9 3.68 0.000 0.000 
2 1287.5 447 12.2 3,68 0.000 0.000 
DAMM->fit 40 1250 1350 
FIT 40 1250 1350 alaska.spk 27-Mar-01 13:55:29 QFN= 1.09 
# X AREA %ERR FWHM ASL ASH 
1 1286.2 369 13.4 3.68 0.000 0.000 
2 1278.6 161 29.4 3.68 0.000 0.000 
DAMM->frt6 1250 1350 
FIT 6 1250 1350 alaska.spk 27-Mar-01 14:04:33 QFN= 1.04 
# X AREA %ERR FWHM ASL ASH 
1 1287.2 403 12.2 3.68 0.000 0.000 
2 1279.6 2639 2.7 3.68 0.000 0.000 
DAMM->fit 41 1250 1350 
FIT41 1250 1350 alaska.spk 27-Mar-01 14:07:27 QFN= 1.13 
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# X AREA %ERR FWHM ASL ASH 
1 1288.0 374 13.9 3.68 0.000 0,000 
2 1280.2 144 34.3 3.68 0.000 0.000 
FILE DESCRIPTION ID * 
1015.sO — Starlight 10-15 cm 1 
1015bfc.s0 — Beaver Falls Cave 10-15 an 2 
1015mud.s0 — Mud Cave 10-15 cm 3 
1520.sO — Starlight 15-20 cm 4 
2530.sO — Starlight 25-30 cm 8 
2530bfc.s0 — Beaver Falls Cave 25-30 cm 9 
3035.sO — Starlight 30-35 cm 10 
3035bfc.s0 — Beaver Falls Cave 30-35 cm 11 
3540.sO — Old Growth Near Beaver Cave 35-40 cm 12 
4045.sO — Starlight 40-45 cm 13 
4550.sO — Starlight 45-50 cm 14 
5055bfc.sO — Beaver Falls Cave 50-55 cm 15 
5560.sO — Beaver Falls Surface 55-60 cm 16 
6065.sO — Starlight 60-65 cm 17 
6065bfc.s0 — Beaver Falls Cave 60-65 cm 18 
6076.sO — Beaver Falls Surface 60-76 cm 19 
6570bfc.s0 — Beaver Falls Cave 65-70 cm 20 
7075.sO — Starlight 70-75 cm 21 
7693.sO — Beaver Falls Surface 7 6-93 cm 23 
8085.sO — Starlight 80-85 cm 24 
9095.sO — Starlight 90-95 cm 25 
93109.sO — Beaver Falls 93-109 cm 26 
95100.sO — Starlight 95-100 cm 27 
510.sO — Starlight 5-10 cm 28 
510mud.sO — Mud Room 5-10 cm 29 
backgl.sO — Background 1 30 
backg2 .sO — Background 2 31 
backg3.s0 — Background 3 32 
backg4.sO 
— Background 4 33 
backg5.sO — Background 5 34 
sw3540.sO — Starlight 35-40 cm 35 
calibl.sO — Calbration Spectrum for Alaska Samples 36 
126142.sO — Beaver Falls Surface 126-142 cm 37 
159175.sO — Beaver Falls Surface 159-175 cm 38 
7580bfc.sO — Beaver Falls Cave 75-80 cm 22 
2025bfc.sO — Beaver Falls Cave 20-25 cm 5 
5560bfc.sO — Beaver Falls Cave 55-60 cm 39 
2025og.sO — Old Growth Near Beaver Cave 20-25 cm 6 
backg6.sO 
— Background 6 40 
SlObfc.sO — Beaver Falls Cave 5-10 cm 41 
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FILE DESCRIPTION ID « 
1015.sO — Starlight 10-15 cm 1 
1015bfc.s0 — Beaver Falls Cave 10-15 cm 2 
lOlSmud.sO — Mud Cave 10-15 cm 3 
1520.sO — Starlight 15-20 cm 4 
2530.sO — Starlight 25-30 cm 8 
2530bfc.sO — Beaver Falls Cave 25-30 cm 9 
3035.sO — Starlight 30-35 cm 10 
3035bfc.s0 — Beaver Falls Cave 30-35 cm 11 
3540.sO — Old Growth Near Beaver Cave 35-40 cm 12 
4045.sO — Starlight 40-45 cm 13 
4550.sO — Starlight 45-50 cm 14 
5055bfc.s0 — Beaver Falls Cave 50-55 cm 15 
5560.sO — Beaver Falls Surface 55-60 cm 16 
6065.sO — Starlight 60-65 cm 17 
6065bfc.s0 — Beaver Falls Cave 60-65 cm 18 
6076.sO — Beaver Falls Surface 60-76 cm 19 
6570bfc.s0 — Beaver Falls Cave 65-70 cm 20 
7075.sO — Starlight 70-75 cm 21 
7693.sO — Beaver Falls Surface 76-93 cm 23 
8085.sO — Starlight 80-85 cm 24 
9095.sO — Starlight 90-95 cm 25 
93109.sO — Beaver Falls 93-109 cm 26 
95100.sO — Starlight 95-100 cm 27 
510.sO — Starlight 5-10 cm 28 
510mud.s0 — Mud Room 5-10 cm 29 
backgl.sO — Background 1 30 
backg2.sO — Background 2 31 
backg3.s0 — Background 3 32 
backg4.s0 — Background 4 33 
backg5.sO — Background 5 34 
sw3540.s0 — Starlight 35-40 cm 35 
calibl.sO — Calbration Spectrum for Alaska Samples 36 
126142.sO — Beaver Falls Surface 126-142 cm 37 
159175.sO — Beaver Falls Surface 159-175 cm 38 
7580bfc.s0 — Beaver Falls Cave 75-80 cm 22 
202Sbfc.sO — Beaver Falls Cave 20-25 cm 5 
5560bfc.sO — Beaver Falls Cave 55-60 cm 39 
2025og.s0 — Old Growth Mear Beaver Cave 20-25 cm 6 
backg6.s0 — Background 6 40 
510bfc.s0 — Beaver Falls Cave 5-10 cm 41 
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7/26/2001 Bertha Cave Sediment Sample Analysis Results 
Sample Depth Net 137Cs Peak Area U 7 C$ Peak Area 
Uncertainty 
0-5cm 3568 ± 132 
5-10cm 2522 ± 90 
10-15cm 691 ± 89 
15-20cm -20 ± 78 
20-25cm -152 ± 79 
25-30cm -14 ± 84 
30-35cm -100 ± 85 
35-40cm -43 ± 74 
40-45cm 61 ± 72 
50-55cm -2 ± 76 
55-60cm -121 ± 73 
60-65cm 15 ± 79 
65-70cm 20 ± 82 
70-75cm -52 ± 82 
75-80cm -54 ± 75 
80-85cm -30 ± 86 
85-90cm -140 ± 84 
90-95cm -66 ± 81 
95-100cm -46 ± 87 
Counting Efficiency Data Acquisition 
of the HPGe Detector Time 
Ec t (seconds) 
0.020 ±0.001 43,200 
Mud Room Cave Site 1 
Sediment Sample Background Cave Sediment Sample -
Background 
Spectrum IC Descriptior Cs-137 Pe, Error (%) Error (Couiickg round F<ground Cs Error (%) Error (CouiNet Cs-137 Error (%) Error (Cts) 
Peak Area Peak Area 
69 MRC1 0-5 13707 1.5% 205.605 10 188 23.7% 44.6 13519 2% 210.4 
59 MRC1 5-10 6516 1.3% 84.708 9 223 19.1% 42.6 6293 2% 94.8 
53 MRC1 10-1 2797 2.1% 58.737 8 128 33.4% 42.8 2669 3% 72.6 
77 MRC1 15-2 156 30.5% 47.58 10 188 23.7% 44.6 -32 -204% 65.2 
78 MRCI 20-2 200 24.3% 48.6 10 188 23.7% 44.6 12 549% 65.9 
61 MRC1 30-3 313 14.9% 46.637 9 223 19.1% 42.6 90 70% 63.2 
79 M R C I 30-3 130 36.2% 47.06 10 188 23.7% 44.6 -58 -112% 64.8 
64 MRCI 35-4 148 31.6% 46.768' 10 188 23,7% 44.6 -40 -161% 64.6 
80 MRCI 40-4 163 34.9% 56.887 10 188 23.7% 44.6 -25 -289% 72.3 
Mud Room Cave Site 3 
Sediment Sample Background Cave Sediment Sample -
Background 
Spectrum 
ID Description 
Cs-137 
Peak Area Error (%) 
Error 
(Counts) 
Background Background 
File Cs-137 Error (%) 
Error 
(Counts) 
Net Cs-
137 Error (%) Error (Cts) 
Peak Area Peak Area 
58 MRC3 0-5 1308 4.4% 57.552 9 223 19.1% 42.6 1085 7% 71.6 
63 MRC3 0-5 1891 3.7% 69.967 10 188 23.7% 44.6 1703 5% 82.9 
29 MRC3 5-10 337 16.0% 53.92 3 23 198.0% 45.5 314 22% 70.6 
3 MRC3 10-15 203 23.0% 46.69 3 23 198.0% 45.5 180 36% 65.2 
Old Growth Near Beaver Falls 
Sediment Sample Background Cave Sediment Sample -
Background 
Spectrum Descriptio Cs-137 Error (%) Error Backgrou Backgrou Error (%) Error Net Cs- Error (%) Error (Cts) 
ID n Peak Area (Counts) nd File nd Cs-137 (Counts) 137 
Peak Area Peak Area 
49 Old Growth 5720 1.8% 102.96 7 186 24.4% 45.4 5534 2% 112.5 
51 Old Growth 2637 2.7% 71.199 8 128 33.4% 42.8 2509 3% 83.0 
6 Old Growth 2639 2.7% 71.253 6 161 29.40% 47.3 2478 3% 85.5 
55 Old Growth 3213 2.2% 70.686 8 128 33.4% 42.8 3085 3% 82.6 
52 Old Growlh 2455 3.0% 73.65 8 128 33.4% 42.8 2327 4% 85.2 
12 Old Growlh 2008 3.2% 64.256 2 262 16.3% 42.7 1746 4% 77.2 
60 Old Growlh 1021 5.3% 54.113 9 223 19.1% 42.6 798 9% 68.9 
Beaver Falls Sinkhole 
Sediment Sample Background Cave Sediment Sample -
sped. Description 
Background 
Cs-137 Error (%) Error Background Background Error (%) Error Net Cs- Error (%) Error (Cts) 
ID Peak Area (Counts) File Cs-137 
Peak Area 
(Counts) 137 
Peak Area 
90 BFS 0-5 18465 1.4% 258.51 13 159 28.3% 45.0 18306 1% 262.4 
48 BFS 10-15 36342 0.8% 290.736 7 186 24.4% 45.4 36156 1% 294.3 
84 BFS 15-20 9663 1.4% 135.282 12 98 44.3% 43.4 9565 1% 142.1 
91 BFS 20-25 348 14.4% 50.112 13 159 28.3% 45.0 189 36% 67.3 
85 BFS 35-40 119 45.4% 54.026 12 98 44.3% 43.4 21 330% 69.3 
93 BFS 40-45 223 24.3% 54.189 13 159 28.3% 45.0 64 110% 70.4 
94 BFS 45-50 150 35.0% 52.5 13 159 28.3% 45.0 -9 -768% 69.1 
16 BFS 55-60 327 15.3% 50.031 1 71 73.3% 52.0 256 28% 72.2 
67 BFS 60 + Pol 411 11.8% 48.498 10 188 23.7% 44.6 223 30% 65.9 
19 BFS 60-76 318 14.5% 46.11 1 71 73.3% 52.0 247 28% 69.5 
23 BFS 76-93 228 22.3% 50.844 2 262 16.3% 42.7 -34 -195% 66.4 
26 BFS 93-109 1680 4.0% 67.2 1 71 73.3% 52.0 1609 5% 85.0 
37 BFS 126-142 294 13.9% 40.866 3 23 198.0% 45.5 271 23% 61.2 
38 BFS 159-175 505 9.6% 48.48 2 262 16.3% 42.7 243 27% 64.6 
68 BFS 192-208 760 7.4% 56.24 10 188 23.7% 44.6 572 13% 71.8 
56 BFS 208-225 789 6.1% 48.129 8 128 33.4% 42.8 661 10% 64.4 
Sediment Sample 
Spectrum Description 
ID 
42 BFC 0-5 
41 BFC 5-10 
2 BFC 10-15 
44 BFC 15-20 
5 BFC 20-25 
9 BFC 25-30 
11 BFC 30-35 
54 BFC 35-40 
46 BFC 40-45 
66 BFC 45-50 
15 BFC 50-55 
39 BFC 55-60 
18 BFC 60-65 
20 BFC 65-70 
47 BFC 70-75 
22 BFC 75-80 
Cs-137 Error (%) 
Peak Area 
633 7.7% 
144 34.3% 
260 21.8% 
120 40.6% 
229 22.8% 
203 23.8% 
261 19.9% 
346 14.0% 
267 18.5% 
357 14.5% 
317 15.1% 
360 14.9% 
354 12.2% 
222 24.2% 
246 17.8% 
144 29.8% 
Beaver Falls Cave 
Background Cave Sediment Sample -
Background 
Error Backgrou Backgrou Error (%) Error Net Cs- Error (%) Error (Cts) 
(Counts) nd File nd Cs-137 (Counts) 137 
48.741 6 161 29.4% 47.3 472 14% 67.9 
49.392 6 161 29.40% 47.3 -17 -402% 68.4 
56.68 4 125 37.9% 47.4 135 55% 73.9 
48.72 6 161 29.4% 47.3 -41 -166% 67.9 
52.212 5 160 26.3% 42.1 69 97% 67.1 
48.314 4 125 37.9% 47.4 78 87% 67.7 
51.939 4 125 37.9% 47.4 136 52% 70.3 
48.44 8 128 33.4% 42.8 218 30% 64.6 
49.395 7 186 24.4% 45.4 81 83% 67.1 
51.765 10 188 23.7% 44.6 169 40% 68.3 
47.867 5 160 26.3% 42.1 157 41% 63.7 
53.64 5 160 26.3% 42.1 200 34% 68.2 
43.188 4 125 37.9% 47.4 229 28% 64.1 
53.724 4 125 37.9% 47.4 97 74% 71.6 
43.788 7 186 24.4% 45.4 60 105% 63.1 
42.912 4 125 37.9% 47.4 19 336% 63.9 
Starlight Cave 
Sediment Sample Background Cave Sediment Sample 
Spectru Description Cs-137 Error (%) Error Background Background Error (%) Error Net Error Error (Cts) 
mlD Peak Area (Counts) File Cs-137 (Counts) Cs-137 (%) 
81 Starlight 0-5 9277 1.4% 129.878 10 188 23.7% 44.6 9089 2% 137.3 
28 Starlight 5-10 325 14.9% 48.425 1 71 73.3% 52.0 254 28% 71.1 
1 Starlight 10-15 159 29.4% 46.746 1 71 73.3% 52.0 88 79% 70.0 
4 Starlight 15-20 212 20.7% 43.884 1 71 73.3% 52.0 141 48% 68.1 
43 Starlight 20-25 199 22.0% 43.78 6 161 29.4% 47.3 38 170% 64.5 
8 Starlight 25-30 98 45.4% 44.492 3 23 198.0% 45.5 75 85% 63.7 
10 Starlight 30-35 213 22.2% 47.286 2 262 16.3% 42.7 -49 -130% 63.7 
35 Starlight 35-40 215 22.6% 48.59 2 262 16.3% 42.7 -47 -138% 64.7 
13 Starlight 40-45 236 18.3% 43.188 1 71 73.3% 52.0 165 41% 67.6 
14 Starlight 45-50 158 29.6% 46.768 3 23 198.0% 45.5 135 48% 65.3 
86 Starlight 50-55 229 20.7% 47.403 12 98 44.3% 43.4 131 49% 64.3 
82 Starlight 55-60 126 35.0% 44.1 10 188 23.7% 44.6 -62 -101% 62.7 
17 Starlight 60-65 208 22.6% 47.008 1 71 73.3% 52.0 137 51% 70.1 
87 Starlight 65-70 100 46.5% 46.5 12 98 44.3% 43.4 2 3181% 63.6 
21 Starlight 70-75 -9 -443.0% 39.87 1 71 73.3% 52.0 -80 -82% 65.6 
88 Starlight 75-80 114 37.1% 42.294 12 98 44.3% 43.4 16 379% 60.6 
24 Starlight 80-85 152 26.6% 40.432 3 23 198.0% 45.5 129 47% 60.9 
65 Starlight 85-90 69 63.3% 43.677 10 188 23.7% 44.6 -119 -52% 62.4 
25 Starlight 90-95 55 77.4% 42.57 4 125 37.9% 47.4 -70 -91% 63.7 
27 Starlight 95-IOC. 124 37.7% 46.748 4 125 37.9% 47.4 -1 -6656% 66.6 
Twin Mountain Sites 
Sediment Sample Background Cave Sediment Sample -
Background 
Spectrum Descriptio Cs-137 Error (%) Error Backgrou Backgrou Error (%) Error Net Cs- Error (%) Error (Ct 
ID n Peak Area (Counts) nd File nd Cs-137 (Counts) 137 
Peak Area Peak Area 
71 Twin Moun 4607 2.2% 101.354 11 130 36.1% 46.9 4477 2% 111.7 
72 Tw in Moun 2264 3.0% 67.92 11 130 36.1% 46.9 2134 4% 82.6 
73 Twin Moun 903 6.1% 55.083 11 130 36.1% 46.9 773 9% 72.4 
74 Twin Moun 635 8.5% 53.975 11 130 36.1% 46.9 505 14% 71.5 
75 Twin Moun 3327 2.3% 76.521 11 130 36.1% 46.9 3197 3% 89.8 
76 Twin Moun 1652 3.5% 57.82 11 130 36.1% 46.9 1522 5% 74.5 
Appendix II Preparation of Samples: 
Samples were crushed, sieved and dried in an oven at 70°C for 24 hours then they 
were placed in clean 450 ml Marinelli Beakers of the analysis. A portion of each sample 
was retained for density and moisture content analysis. This portion was weighed in a 25 
ml beaker then re-dried for 24 hours and weighed again in the same 25 ml beaker. The 
gravimetric moisture content was obtained by dividing the difference between the weight 
of the sub-sample before the second drying and that of the sub-sample after the second 
drying by the weight of the sub-sample before the second drying. The weight of the 
beaker used in the analysis was subtracted out of sub sample weight at each 
measurement. 
Density of the samples was determined by dividing the weight of a 25 ml sub-
sample of each of the samples by the volume of 25 ml (the volume of the beaker used to 
weigh the sub-sample). Again the beaker weight was subtracted from the sample weight 
(before the second drying). This density is not a true bulk density because it takes into 
account only the fraction of each sample that is used in the Cesium analysis and not the 
larger fragments that are removed prior to the analysis by sieving. 
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Mud Room Cave Site 1 Paremeters 
Sample id average depth filling heigl density 
MRC1 0-5 2.5 8.5 0.71 
MRCI 5-10 7.5 7.5 0.59 
MRCI 10-1 12.5 8.2 0.98 
MRCI 5-20 17.5 8 0.58 
MRCI 20-2 22.5 8 0.61 
MRCI 25-3 27.5 9.1 0.62 
MRCI 30-3 32.5 8.4 0.59 
MRCI 35-4 37.5 6.5 0.69 
MRCI 40-4 42.5 6.5 0.7 
MRCI 45-5 47.5 
moisture content efficiency 
352.8 0 0.965 
263.17 0 0.961 
288.85 0.1 0.989 
237.06 0 0.958 
285.14 0 0.96 
340.4 0 0.951 
295.26 0 0.954 
232.15 0.06 0.97 
215.04 0 0.97 
1 
Mud Room Cave Site 3 Paremeters 
Sample id average filling density 
depth height 
MRC3 0-5 2.5 7.7 
MRC3 0-5 2.5 7 0.92 
MRC3 5-10 7.5 6.6 1 
MRC3 10-1 12.5 5.5 1.06 
mass moisture efficiency 
content 
428.99 0 1 
295.48 0.034 0.989 
307.29 0 1 
295.59 0 1 
Old Growth Near Beaver Falls Paremeters 
sample id average filling density Mass of moisture efficiency 
depth height Sample content of sample 
Old Growth 10 7.5 0.58 201.83 1 
Old Growth 17.5 5 0.04 130 1 
Old Growth 22.5 5.5 0.67 177.45 0.19 0.966 
Old Growth 27.5 7 0.48 309.03 0 0.956 
Old Growth 32.5 7.4 0.81 344.63 0.01 0.978 
Old Growth 37.5 7.3 0.85 368.92 1 
Old Growth 42.5 8.2 393.96 1 
Beaver Falls Sinkhole Paremeters 
sample id average filling density Mass of 
depth height Sample 
BFSO-5 2.5 
BFS 5-10 7.5 
BFS 10-15 12.5 9.5 0.88 
BFS 15-20 17.5 10.2 0.7 
BFS 20-25 22.5 
BFS 25 - 30 27.5 0.82 
BFS 30 - 35 32.5 
BFS 35 - 40 37.5 
BFS 45 - 50 47.5 
BFS 50 - 55 52.5 
BFS 55-60 57.5 9.7 0.81 523.2 
BFS 60-76 68 9 0.75 429.12 
BFS 76-93 84.5 8.2 0.83 436.73 
BF Sink 93109 101 9.2 0.92 525.7 
BFS 109-126 117.5 9.2 0.95 494.2 
BFS 126-142 134 8 1.14 423.6 
BFS142-159 150.5 7 1.05 347.28 
BFS 159-175 167 9.7 1.14 582.77 
BFS175-192 183.5 8.6 1.1 460.08 
BF Sink 192-208 200 10.5 1.03 634.44 
BF Sink 208-225 216.5 8.2 0.99 463.25 
BF Sink 60 + Pole 282 10.5 602.69 
moisture efficiency 
content of sample 
0.04 0.997 
0.05 
1 
0 0.989 
1 
Beaver Falls Cave Paremeters 
sample id average filling density Mass of moisture efficiency 
depth height Sample content of sample 
BFC 0-5 2.5 10 1.19 738.7 0.04 1.102 
BFC 5-10 7.5 7.75 1.18 493.96 1 
BFC 10-15 12.5 10 1.07 669.17 0.01 1 
BFC 15-20 17.5 10 1.09 681.21 0 1 
BFC 20-25 22.5 10.2 1.03 730.78 0 1 
BFC 25-30 27.5 10 1.15 728.5 0.023 1.007 
BFC 30-35 32.5 10 1.02 695.38 0 0.989 
BFC 35-40 37.5 8.6 0.9 557.57 0.037 0.979 
BFC 40-45 42.5 10.2 1.03 706.09 0 0.99 
BFC 45-50 47.5 8.7 1.04 529.31 1 
BFC 50-55 52.5 9.5 1.09 691.75 0 0.998 
BFC 55-60 57.5 9.5 1.1 657.57 0.04 1 
BFC 60-65 62.5 10.1 1.12 700.06 0.003 1.002 
BFC 65-70 67.5 10 1.04 700.73 0 0.991 
BFC 70-75 72.5 10.1 1.04 696.13 0 0.991 
BFC 75-80 77.5 10 1.08 700.42 0.033 1 
Starlight Paremeters 
sample id average de 
Sarlight 0-£ 2.5 
Starlight 5-1 7.5 
Starlight 10- 12.5 
Starlight 15- 17.5 
Starlight 20- 22.5 
Starlight 25- 27.5 
Starlight 30- 32.5 
Starlight 35- 37.5 
Starlight 40- 42.5 
Starlight 45- 47.5 
Starlight 50- 52.5 
Starlight 55- 57.5 
Starlight 60- 62.5 
Starlight 65- 67.5 
Starlight 70- 72.5 
Starlight 75- 77.5 
Starlight 80- 82.5 
Starlight 85- 87.5 
Starlight 90- 92.5 
Starlight 95- 97.5 
filling heigh density Mass of Sample moisture content efficiency of sample 
8.8 0.56 274.31 
7.7 0.95 379.87 0.04 
7.5 0.69 259.87 
7.5 0.67 252.21 0.11 
4.5 0.59 135.88 0 
6.8 0.68 237.07 0 
6.6 0.66 256.21 0 
6.6 0.86 266.88 
7.3 0.66 270.12 0 
5.5 0.88 238.75 0 
10.5 0.74 
9.3 0.82 467.38 0.067 
10.3 1.Q1 644.59 0.036 
10 0.84 614.51 
9.3 0.93 472.55 
10 0.97 533.04 
8.3 0.91 
0.03 1 
0.11 0.984 
1 
Twin Mountain Paremeters 
sample id 
Twin MTN' 
Twin Mtn1 
Twin Mtn1 
Twin Mtn 1 
Twin Mtn1 
Twin Mtn 1 
Twin Mtn 1 
average 
depth 
2.5 
7.5 
12.5 
17.5 
22.5 
27.5 
32.5 
filling 
height 
9 
10.2 
6.5 
7.4 
density 
0.66 
0.67 
0.59 
Mass of 
Sample 
382.9 
365.04 
172.31 
0.7 236.26 
moisture 
content 
efficiency 
of sample 
Oo Lf i 
Twin Mtn2 
Twin Mtn2 
Twin Mtn2 
6.5 
18.5 
34 
6.5 
5 
Appendix HI Conversion of Raw Data to Internationa! Units: 
Raw data from each of the samples were converted into international units by use 
of equation 2. Efficiency of the sample or the absorption coefficient is the ratio of 
gamma particles absorbed within the sample to those emitted from the sample. This is 
determined by use of AEA Technologies GAMMA TOOL 2.1 conversion software. 
Parameters used to obtain the efficiency or self absorption coefficient used in the 
conversion include: moisture content, density and filling height (see Appendix 2). 
In samples where the filling height is lower than 6.3 cm, the Gamma Tool model 
could not calculate the absorption coefficient so it was decided to describe the matrix of 
the sample as one containing a large volume of air (approximately 60 percent) and this 
was included in the matrix calculations along with the moisture content and 
soil/vegetation content (also expressed in weight percentages). 
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Bertha Cave Activities 
depth average peak area standard lower limit detector Efficiency Cs Error Activity 
0-5cm 
depth error efficiency of Sample Activity (adj) 
2.5 3568 ± 132 3436 0.02 1.05 6.229 0.231 5.998 
5-lOcm 7.50 2522 ± 90 2432 0.02 1.018 5.283 0.189 5.094 
10-15cm 12.5 691 ± 89 602 0.02 1.004 1.629 0.21 1.419 
15-20cm 17.5 -20 ± 78 -98 0.02 0 0 0 0 
20-25cm 22.5 -152 ± 79 -231 0.02 0 0 0 0 
25-30cm 27.5 -14 i 84 -98 0.02 0 0 0 0 
30-35cm 32.5 -100 i 85 -185 0.02 0 0 0 0 
35-40cm 37.5 -43 ± 74 -117 0.02 0 0 0 0 
40-45cm 42.5 61 i 72 -11 0.02 0 0 0 0 
50-55cm 52.5 -2 ± 76 -78 0.02 0 0 0 0 
55-60cm 57.5 -121 t 73 -194 0.02 0 0 0 0 
60-65cm 62.5 15 ± 79 -64 0.02 0 0 0 0 
65-70cm 67.5 20 i 82 -62 0.02 0 0 0 0 
70-75cm 72.5 -52 t 82 -134 0.02 0 0 0 0 
75-80cm 77.5 -54 ± 75 -129 0.02 0 0 0 0 
80-85cm 82.5 -30 t 86 -116 0.02 0 0 0 0 
85-90cm 87.5 -140 ± 84 -224 0.02 0 0 0 0 
90-95cm 92.5 -66 t 81 -147 0.02 0 0 0 0 
95-100cm 97.5 -46 ± 87 -133 0.02 0 0 0 0 
Mud Room Cave Site 1 Activities 
sample id average peak area standard lower limit efficiency detector activity error Activity 
depth error of sample efficiency (Bq/Kg) (adj) 
MRC1 0-5 2.5 13519 210.4 13308.6 0.965 0.02 45.95946 0.71528 45.24418 
M R C I 5-10 7.5 6293 94.81355 6198.186 0.961 0.02 28.79945 0.433907 28.36554 
M R C I 10-15 12.5 2669 72.64825 2596.352 0.989 0.02 10.8135 0.294336 10.51916 
MRC15-20 17.5 -32 65.2 0 0.958 0.02 0 0 0 
M R C I 20-25 22.5 12 65.9 0 0.96 0.02 0.050739 0.278639 0 
M R C I 25-30 27.5 90 63.2 26.8 0.951 0.02 0.32178 0.225961 0.095819 
M R C I 30-35 32.5 -58 64.8 0 0.954 0.02 0 0 0 
M R C I 35-40 37.5 -40 64.59476 0 0.97 0.02 0 0 0 
M R C I 40-45 42.5 -25 72.3 0 0.97 0.02 0 0 0 
M R C I 45-50 47.5 0 1 0.02 0 0 0 
Mud Room Cave Site 3 Activities 
sample id average peak standard lower limit efficiency detector activity error adjsuted 
depth area error of sample efficiency (Bq/Kg) activity 
MRC3 0-5 2.5 1703 82.9 1620.0505 1 0.02 4.5947 0.2238 4.3709 
MRC3 0-5 2.5 1085 71.6 1013.4011 0.989 0.02 4.2973 0.2836 4.0137 
MRC3 5-10 7.5 314 70.6 243.4220 1 0.02 1.1827 0.2658 0.9168 
MR.C3 10-15 12.5 180 65.2 114.7785 1 0.02 0.7048 0.2554 0.4494 
00 <5 
Old Growth Near Beaver Falls Activities 
sample id average peak area standard lower limit efficiency detector activity error Activity 
depth error of sample efficiency (Bq/Kg) (adj) 
Old Growth 10 5534 112.5 5421.4813 1 0.02 31.7351 0.6452 31.0898 
Old Growth 17.5 2509 83.0 2425.9516 1 0.02 22.3380 0.7394 21.5986 
Old Growth 22.5 2478 85.5 2392.4576 0.966 0.02 16.7315 0.5776 16.1539 
Old Growth 27.5 3085 82.6 3002.3910 0.956 0.02 12.0860 0.3236 11.7624 
Old Growth 32.5 2327 85.2 2241.8410 0.978 0.02 7.9908 0.2924 7.6984 
Old Growth 37.5 1746 77.2 1668.8467 1 0.02 5.4777 0.2421 5.2356 
Old Growth 42.5 798 68.9 729.1351 1 0.02 2.3444 0.2023 2.1421 
so 
o 
Beaver Falls Sinkhoe Activities 
sample id average peak area standard lower limit efficiency detector activity error Lower Activity 
depth error of sample efficiency (Bq/Kg) Limit (adjusted) 
BFSO-5 2.5 18306 262.4000 18043.6000 1 0.02 65.8447 0.9438 64.9009 64.9009 
BFS 5-10 7.5 18306 262.4000 18043.6000 1 0.02 65.8447 0.9438 64.9009 64.9009 
BFS 10-15 12.5 36156 294.2569 35861.7431 1 0.02 211.3547 1.7201 209.6346 209.6346 
BFS 15-20 17.5 9565 142,1000 9422.9000 1 0,02 21.2034 0.3150 20.8884 20.8884 
BFS 20-25 22.5 189 67.3000 121.7000 1 0.02 0.4389 0.1563 0.2826 0.2826 
BFS 35 - 40 37.5 21 69.3000 -48.3000 1 0.02 0.0477 0.1574 -0.1097 -0.1097 
BFS 40-45 42.5 64 70.4000 -6.4000 1 0.02 0.2054 0.2259 -0.0205 -0.0205 
BFS 45 - 50 47.5 -9 69.1000 -78.1000 1 0.02 -0.0230 0.1769 -0.1999 -0.1999 
BFS 55-60 57.5 256 72.1912 183.8088 1 0.02 0.5663 0.1597 0.4066 0.4066 
BFS 60-76 68 247 69.5313 177.4687 1 0.02 0.6662 0.1875 0.4787 0.4787 
BFS 76-93 84.5 -34 66.3997 -100.3997 1 0.02 0.0000 0.0000 0.0000 0.0000 
BFSiiik 93109 101 1609 84.9960 1524.0040 1 0.02 3.5425 0,1871 3.3553 3.3553 
BFS 126-142 134 271 61.1876 209.8124 0.997 0.02 0.7405 0.1672 0.5733 0.5733 
BFS 159-175 167 243 64.6074 178.3926 1 0.02 0.4826 0.1283 0.3543 0.3543 
BFS175-192 183.5 1 0.02 0.0000 0.0000 0.0000 0.0000 
BF Sink 192-2* 200 572 71.7508 500.2492 0.989 0.02 1.0466 0.1313 0.9153 0.9153 
BF Sink 208-2; 216.5 661 64.3749 596.6251 1 0.02 1.6698 0.1626 1.5072 1.5072 
BF Sink 60 + F 282 223 65.8581 157.1419 0.4282 0.1265 0.3018 0.3018 
Beaver Falls Cave Activities 
sample id average peak standard lower limit efficiency detector activity error Activit 
depth area error of sample efficiency (Bq/Kg) (adj.) 
BFC 0-5 2.5 472 67.9426 404.0574 1.102 0.02 0.6711 0.0966 0.5745 
BFC 5-10 7.5 -17 68.4111 0.0000 1 0.02 0.0000 0.1603 -0.1603 
BFC 10-15 12.5 135 73.8716 61.1284 1.002 0.02 0.2335 0.1278 0.1057 
BFC 15-20 17.5 -41 67.9275 0.0000 1.005 0.02 0.0000 0.0000 0.0000 
BFC 20-25 22.5 69 67.0583 1.9417 0.997 0.02 0.1093 0.1062 0.0031 
BFC 25-30 27.5 78 67.6656 10.3344 1.007 0.02 0.1231 0.1068 0.0163 
BFC 30-35 32.5 136 70.2997 65.7003 0.989 0.02 0.2289 0.1183 0.1106 
BFC 35-40 37.5 218 64.6078 153.3922 0.979 0.02 0.4622 0.1370 0.3252 
BFC 40-45 42.5 81 67.0789 13.9211 0.99 0.02 0.1341 0.1111 0.0230 
BFC 45-50 47.5 169 68.2997 100.7003 1 0.02 0.3695 0.1493 0.2202 
BFC 50-55 52.5 157 63.7336 93.2664 0.998 0.02 0.2632 0.1069 0.1564 
BFC 55-60 57.5 200 68.1761 131.8239 1 0.02 0.3520 0.1200 0.2320 
BFC 60-65 62.5 229 64.1061 164.8939 1.002 0.02 0.3778 0.1058 0.2721 
BFC 65-70 67.5 97 71.6286 25.3714 0.991 0.02 0.1617 0.1194 0.0423 
BFC 70-75 72.5 60 63.0642 0.0000 0.991 0.02 0.0000 0.0000 0.0000 
BFC 75-80 77.5 19 63.9205 0.0000 1.004 0.02 0.0000 0.0000 0.0000 
Starlight Activities 
sample id average peak area standard lower limit efficiency detector activity error Activity 
depth error of sample efficiency (Bq/Kg) (adj) 
Sarlight 0-5 2.5 9089 137.3 8951.7 1 0.02 38.93359 0.588138 38.34546 
Starlight 5 -10 7.5 254 71.08765 182.9123 1 0.02 0,776229 0.217245 0.558984 
Starlight 10-15 12.5 88 69.95472 18.04528 1 0.02 0.391934 0.311564 0.08037 
Starlight 15-20 17.5 141 68.07554 72.92446 1 0.02 0.665013 0.321072 0.343941 
Starlight 20-25 22.5 38 64.47632 0 1 0.02 0.335418 0.56912 0 
Starlight 25 -30 27.5 75 63.66655 11.33345 1 0.02 0.376708 0.319783 0.056925 
Starlight 30-35 32.5 -49 63.71631 0 1 0.02 -0.228199 0.296735 0 
Starlight 3 5 - 4 0 37.5 -47 64.68996 0 1 0.02 -0.20799 0.286273 0 
Starlight 40-45 42.5 165 67.62897 97.37103 1 0.02 0.726609 0.297817 0.428792 
Starlight 4 5 - 5 0 47.5 135 65.27739 69.72261 1 0.02 0.671231 0.324565 0.346667 
Starlight 50-55 52.5 131 64.3 66.7 1 0.480298 0.235749 0 
Starlight 55 -60 57.5 -62 62.7 0 1 -0.197674 0.199905 0 
Starlight 60-65 62.5 137 70.13006 66.86994 1 0,02 0.348319 0.178304 0.170015 
Starlight 6 5 - 7 0 67.5 2 63.6 0 1 0.02 0.004757 0.151286 0 
Starlight 70-75 72.5 -80 65.55983 0 1 0.02 -0.144368 0.118309 0 
Starlight 7 5 - 8 0 77.5 16 60.6 0 1 0.02 0.034552 0.130866 0 
Starlight 80-85 82.5 129 60.89859 68,10141 1 0.02 0.249966 0.118004 0.131961 
Starlight 85-90 87.5 -119 62.39325 0 1 0.02 -0.295603 0.154988 0 
Starlight 90-95 92.5 -70 63:69141 0 0.984 0.02 -0.154465 0.140544 0 
Starlight 9 5 - 1 0 0 97.5 -1 66.55649 0 1 0.02 0 0 0 
Twin Mountain Cesium Activities 
sample id average peak area standard lower limit efficiency detector activity error Activity 
depth error of sample efficiency (Bq/Kg) (adj) 
Twin MTN' 2.5 4477 111.7 4365.3 1 0.02 13.53281 0.33764 13.19517 
Twin Mtn1 7.5 2134 82.6 2051.4 1 0.02 6.766128 0.261894 6.504234 
Twin Mtn1 12.5 773 72.4 700.6 1 0.02 5.192246 0.486311 4.705935 
Twin Mtn 1 17.5 0 1 0.02 0 0 0 
Twin Mtn1 22.5 505 71.5 433.5 1 0.02 2.47393 0.350269 2.123661 
Twin Mtn 1 27.5 0 1 0.02 0 0 
Twin Mtn 1 32.5 0 1 0.02 0 0 
Twin Mtn2 6.5 3197 89.8 3107.2 1 0.02 nd nd 
Twin Mtn2 18.5 1522 74.5 1447.5 1 0.02 nd nd 
Twin Mtn2 34 0 1 0.02 nd nd 
